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ABSTRACT 


One of the earliest known complete dentitions and skulls of a metatherian mammal are represented by Pucadelphys andimts 
Marshall & Muiaw. (1988) from the early Paleocene age Santa LucfaFormation at Tiupampa (type locality of the Tiupampan 
Land Mammal Age) in southcentral Bolivia. A detailed analysis of the dentition, dentary and skull reveals that the vast majority 
of states in Pucadelphvs can he regarded as mammalian and/or tribosphenid plesiomorpiues, while metatherian synapomorphies 
include: cheek tooth formula ofP3/3+ M4/4; prootie canal reduced in length and width, and does not open endocranially; prootic 
sinus continues onto squamosal side of peiromasloid within a deep sulcus; presence of sphenoparietal emissary vein which 
occupies deep sulcus on squamosal side of peiromasloid, is continuous with sulcus for prootic sinus, and exits skull through 
postglenoid foramen; length/width ratio of fenestra vesdbuli 1.4; and absence of stapedial artery. Pucadelphys lacks an ossified 
alisphenoid bulla, hut has what is interpreted to be a small anterior lamina of the petromastoid and a large foramen ovale (exit ot 
V3) which opens between the anterior lamina and alisphenoid. The presence of an anterior lamina ot the peiromasloid lused to 
the pars petrosa associated to the presence of an anteroposttriorly expanded alisphenoid in Pttcwtelphys seems to contradict the 
hypothesis of Presley & Steel (19761 and Presley (19811 on the evolution ofthe tribosphenid middle ear and lateral wall of the 
skull based on ontogenetic studies. This is the first record ofan anterior lamina inatribosphenid fossil mammal. The molar structure 
of Pucadelphys is indistinguishable from members of the family Didelphidae, and it is placed in this family, within the Ordci 
Didelphimorphia. Pucadelphys represents a classic example of mosaic evolution and illustrates that we have much to learn about 
early metatherian and tribosphenid evolution. 


Marshall, L. Cl. Muizon C de, 1996.— Part II: The skull. In: Muizon.C. on (cd.), Pucadelphvs andimts (Marsupialia. 
Mammalia) from the early Paleocene of Bolivia. Mem. Mus. rain. Hist. not., 165 ; 21-90. Paris ISBN 2-Sb653-223-3. 
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RESUME 


Dcuxiemc parlfe : le crane 

Les cranes cl dentitions de Pncadelplm amtinut Marshall& Muizon, (1988) d&rilsdans cc travail soni parrru les plusanciens 
connus die? Ics metatherrens, Us provienneni du Pajcocene inferieur de la Formation Santa Litem a Tiupumpa 1 local ilGdype de 
I'aec de niamini teres continenmux.Tiapampien) en PoJivfeeentrale Une analyse detail I cede lademilion.du dcmaireel du crane 
revelcque la grande majoriie dusetMs de Pttcadttiphys petivent gtre considered comme des pleomorphics au sem de mammileres 
et/mi des trihosphenides, Les synapomorphies dc meialherien son! : dents jugales an nombre de P 3/3 el M 4/4; canal proolique 
reduit en longueur el en largeur, ne s'ouvnint pas a rinterieur du crane; sinus prootique se prolongeanl stir la face squamosale du 
pciromasicnde dans uri prot'ond sillon; presence d'tinc veirte emissaire sphenoparietal^ occupant im pro fond si]Eon sur la face 
squamosaie du peiromastotde. en continuitc avec le si lion pour le sinus prootique et sorfanl du crime a iravers lc foramen 
posts lb no ide: rapport longueur/largeurde la fcnStre vestihulaire dc ! ,4; absence dhirte re stapcdiale. Pifcmhtphys ne possede pas 
dc processus lympanique de FaJisphcnoide mais possede unc petite lame amerieure dll petromastoide cl un grand foramen ovale 
(some du V3) qui s'ouvrc erure la lame amerieure el j'alisphenoide, La presence, chcz Pucadelphys, d une lanieanterieurc du 
petromastotde fusion nee a In pars petrosa el associee a la presence d'un alisphendide dilate anLcro-]x$terieureniem f senible 
cant red ire I'hypothese de Presley &. Sth.e (1981 \ et Presley < J9R1) sur Involution dc Piirdlle moyenne et dc la paroi crartienne 
destribosphenidcs. l ortdee sur des eludes omogenetiques.il s' agitdu premier signalemcntd'une iam^anicrieuredu petroniasLotde 
chc? un mammiflSre iribosphemde lossile. La structure des molaircs de Pucade/phys cst ifiditTerenciable de cel le des membres de 
la famille des Dtdelphidaeci ee genre esi range dans cede famille.au sein de I'ordredes Didelphi morphia. Pucadefphvx represemc 
im exempli? dassique d evolution cn mosaVque et illustre bicn que nous avons encore beaucoup a a pp rend re sur Ics debuts dc 
revolution des meiathcricns ei des tribosph Snides. 


RESUME DEVELOPPE 


Lcs oscrSniens et basierauiensdcmnmmi teres son t des Elements ires i mpcrnanisdans les reconstruct ions phylogbn&Iques. 
Foulefois. ires pen dc cranes dc mammilere.s tribnsphenides son! connus pour le mcsozoique et le Pal&efcne inferieur et uucim 
crane de mduithcrien mconteste n'c.st eon nil au meso/.oi'que. PJusieurs squelettes cl cranes d'un marsupial Diddphidae 
{Pticcuklpltys mdinus) out etc dccou verts dans le Pal eocene inferieur dc la Formation Santa Lucia (Roli vie) el constituent, avec 
cciui de Mayukwtesfewx { un horhyacno'ide provenam du memegiscmcnt)Jes plus aneiens cranes com plcLs connus r alt aches avec 
s ecu rite a cc groups dc mam nit feres, 

Dans, cc travail nous pr£ sen ions unc description deuuilee des cranes de Pncaddphys andiwti Marshall & Muizon 
(I 9K8 h nous disunions scs prindpaux cyructcrcs craniens et les analysons dans unc optiqueorienlee vers la comprehension dc la 
phylogcnie dcs triboap hen ides fMarsupiaiix et Plaeenlaires), Sont decrits success ivement les denis superieures, les dents 
i 11 fe ri eu re s, 1 e den ta i re e t le era n e, 


Famille Didelphidae 

Puaidelphys awtimts Marshall & Mcj/on, ! 9K8 
DESCRIPTION 

La lor mule denial i c de Pttcmlcfphys cuulnms cst I 5/4, Cl/I, P 3/3, M4/4. Les incisivcs supeiicui'cs sont disposers en serie 
continue et sont joint ives. E ties sent croissant cm dc 11 a 14 el I5csi rcduiie, Les premoJaires sonthiradicii Ices el presenteni une forte 
augmentation dc taille tie Pt a P3. Elies on! unc courorme simple constituted'unc grande cuspidc triangulairc et d'un minuscule 
l;don pmacrieur La P3 cst lianie el $a couronrie descend ncUemem plus bus que le plan occlusal des mo I aims. Les mo l ai res 
supen cures sont triangulaires et prdsentem un paracone plus petit que le met aeon e (pour Ml-M3), une ccntrocrista en V et un 
protocol! e relati vement gras avec un bnrd posterieur ran lie. U metacrista cst petite mais Jegercmenl plus grande que la paracrista. 
La plate forme sty Dire cst developpec ci possede des styles bleu marques. Les ineisives ml en cures sont dc ladle ere iss ante de i l 
ii i4 et so nt join Lives,! .es premolaircs l n fer i eyres so m scmblablesaux superieures, Les mo In ires inlcrieures possedem un irigomde 
cleve plus large que long, Lc protoconide cst legcrement plus grand que le metaeonidc, lequcl esl ncUemcnt plus ddvcloppe que 


Source MNHN, Pans 
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le paraconide. La pro toe ri slide, droite et tranchante, est orientce iransversalcment. Le talonidc possede un bn win profond et des 
cuspidcs bien nmrquees entoconide el hypoconulide titan t dislintlfiiiisni accoltls. Le dentuirc presente une blanche horizontaic 
longue cl gracile, unc fosse massetcrine peu profonde. un vastc processus corontudecl un condyle situe au-dessusdu plan occlusal. 
Le crane possede un museau court et oblus. Les arcades zygomatiques sont grandest! monlrenluneorbiteen communication avec 
la fosse temporale. II possede une iegcrc ci*le sagittate paridtale el unc Crete lambdtffde marqude. Les nusaux sonl allongiSs et 
presentent un forte dilatation cte ieur extremis posterieurc. Les premaxi llaires sont gracilcs et sont periods vcniralement par des 
foramens i ncisifs allongds. lesqucls a l tectentegalemeiu les rnaxillaires. L arc denial re est presque sent t-circu lake, Les maxil I a ires 
possedent une rmverturedu canal infraorbiiaire siluce au-dessusdc P3. Lepalatin possede un fort torus postpaiatin .situeen nrricre 
de M5, En vuc ventrale, rnaxillaires ct palatins tie presentent pas de foramens palaiins, Le lacrimal tonne le bord anterieur dc 
Torbitc; il est grand ct s’etend largement sur la face dorsale du rostrc. Le jugal est un os gracile. sigmoi'de qui participc a 
f elaboration de la cavitS glenoide. Le frontal occupe environ !e tiers du crane en vuc dorsale et Interale. II porte parfois un petit 
processus supraorbitairc el participe a la formation du foramen ethmofdien. Le parietal est une vaste plaque osseuse qui conslitue 
la majeurc partie du toil eL des parois de la cavite craniennc, L’orbitospbeno'ide est un os petit qui possede un grand foramen 
sphSnorbitaire situe a sa jonclion avee le frontal ct le palaiin. L'alisphenoide tonne la region anterieure ct iir.erulc dc la bolte 
crantenne. Cet os participc It ia formation de trots foramens. Lc foramen ovale est enorme ct se situe entre le bord postci ieur de 
l’alisphenoide el le bord anterieur du petromastoide, medialemcnl 5 la cavite glenoide. Antero-medialement. le loramen 
eniocarotidien est bordtf lateralenienL par ralisphertoi'de el medialement par le basisphenoi'de. Un foramen rotundum hien marque 
s’observe anttkieurement. 11 n’existc pas de processus tympanique de l’alisphenoide. Le squamosal presente une cavite glenoide 
profonde et allongee iransversalement. munie d'un grand processus poslglenot’dc et d’un petit processus preglenoide. Lc 
squamosal possede quaire foramens sur sa face externe ; 1) le foramen postzygomatique, sur le bord postfrieur dc laracine 
posterieurc de I'arcade zygomatique, dorsalement a 1’apcx du processus postglifnotde, 2) le foramen subsquamosal qui s’ouvre 
dorsalement au meat auditif externe, 3) le foramen postglcnoide, le plus grand, dont 1’ouverturcest simec sur le llancposterieur 
de la racine posterieurc de I’arcade zygomatique, 4) le foramen posttcmporal qui s’ouvre entre le squamosal cl la pars mastoidea 
du petromastoide, Ventralcment. lc squamosal participe a la fonnaiion du bord lateral du foramen ovale. Le peiromastoide est un 
os complexe forme de la pars petrosa et la pars mastoidea. Cette derniere affleure largement sur la face posterieurc du crane entre 
Lexoccipital, le squamosal et le supraoccipilal. Ventralcmem, la pars mastoidea participe a la formation de hi moitie laterale du 
petit processus exoccipilal el, lat&alement;forme un processus mastoi’de relativcment grand. Le bord ventral de la pars mastoidea 
forme une lev re di ri gee ante ro-veniralcment qui conslitue le processus tympanique caudal fsen.ttt WfBLE, 1990), II forme une partie 
du plancher du sinus mastoide dpitympanique. Unc echancrure styiomastoidienne bten marquee s observe lateralement au 
processus mastoide; ellc donnepassage au nerf facial et it la veine laterale de la tetc. Lcbord lateral du processusmastoide s’etend 
a [Kero-dorsal ement, separant lebord lateral du sinus mastoide epi tympanique de la fossa incudis. silude dans la region posteneure 
du recess us epitympanique. La pars petrosa presente un grand promontoire lisse el pirilorme donl I’apex est dirige antero- 
medialement. II est horde antero-mddialement pur un sinus marque correspondant au passage de 3a earotidc interne se dirigeant 
vers le foramen carotidien; lateralement au sinus carotidien se trouve ia fosse du muscle tensor tympani. Le bord medial du 
promontoire presente un sillon interne marque pour le passage du sinus petreux mfeneur. Sur la face laterale du promontoire. la 
fenctre ovale se situe it la hauteur du bord postero-dorsal du meat auditif externe; son rapport longueur/largeur est de 1.4. Antero- 
latemlemcnia la fen£tre ovale, dans le si lion qui horde lateralement lc promontoire. se trouve I'nuverture postirieure du canal facial 
secondaire. Lateralement ;t ceite ouverture, se trouve un petit foramen, i’ouverture m^diale du canal prootique, Le r&essus 
epi tympanique est une petite depression allongee situee lateralement au canal facial; sonexiremiteposierietirecsl lu lossa incudis. 
Sur la faeedorsale ou cdrSbelleuse du p&romastoYde s’ observe une grande fossa subarc tiatactle meat auditif interne. Quake si lions 
enlourem le corps du petromastoide sur sa face cerebellaire : 1) ventro-medialemcnt. le sillon pour le sinus petreux inlcrieui. 2) 
postero-ventralement, un sillon vertical pour le sinus jugulaire. 3) postero-dorsalement une petite poche represente le si lion pour 
le sinus srgmoide. 4) le long du bord dorso-lateral se trouve un sillon allonge pour le sinus prootique. Antero* lateralement & la crista 
petrosa, dans une aiLe osseuse se projetant antero-dorsalement. se trouve une depression pour le lobe temporal du eerveau et lc 
ganglion irigcmine.Chez. lesautres Didelphidac le ganglion repose sur l’alisphenoide et il n’existe pas dc projection osseuse. Cette 
aile anlfiro-laterale du petromastoide contribuc au plancher et au bord interne dc la paroi cranienne. Ellc represente apparemmont 
uncrcliquedc la lame anterieure du petreux ( sensu Crompton & Jenkins, 1979), Sur la taee ventrale du petromastoide. un contact 
irreguliers’observe entre lebord ant^ro-lateraldu promontoire el la plateforme osseuse qui constitue le bordposterieurdu foramen 
ovale, CcLte porlion represente aussi probablement une panic tie la lame anterieure du petromastoide. Sur la lace laterale dc l os. 
on observe un sillon profond cl large qui recevait le sinus prootique; a son exiremite ventrale. un petit loramen correspond au 
dc bo llc he lateral du canal prootique* 
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DISCUSSION 

La comparison lies cranes de Pucadelphys est problematique du fait dc V absence de cranes de marsupiaux loss lies du Tertiaire 
ancien ou du Crctace qui soient raison nab tc mem bien connus, Asicaherium du Cretace superieur de Mongoiic (Szalay, 1993) est 
probablement un marsupial mais sa description detail tee- est encourset, de surcrojt, cette especeest loin de faire runanitxiitd quant 
h sonaitrihutionaux meraiheriens. Mayutestesferax Mlizon (!994)du memeageetdu memeg.isementque Pucadelphys.. estconnu 
p:ir un crane remarquablernent complet mais sa description detaillcc cst en cours. En revanche ii exisle de nombreux restes 
dental res de marsupiaux dans Ic Cretace superieur d'A meri que du Nord et dans Ic Paleocene d'Amerique du Sud. La discussion 
comprendra done une premiere partie qui comparers les dents de Pucadeiphys aux formes voisines d'Ameriques du Nord el du 
Sud. et une seconds panic qui pass era en revue ies principally carac teres cmniensde Pucadeiphys a fin d’en determiner la polarity 
ct qui tentcra cTanalyser les modalites dc revolution du crane chez les Theriael plus precisemcni chez les Tribosphenida, 

COM PA RAISON DENT A IRE, — Parmt les Didelphidae fossi les d'Amerique du Sud, Sfernhergia iiaboraiensisdu Pa l eocene 
“moyen" d'Uaborai {Brest! t cst I'espece qui sc rapproche le plus de Pucadeiphys andimts par la tai lle cl la structure dc ses denis 
iUd point que la premiere consume un aneetre morpholugique ideal pour la seconde. Pucadeiphys el Sfernhergia. en plus de leur 
structure dental re presque identique, possedem la meme morphologic du protoedne renfle posieneuremenL et ie meme important 
developpe merit des styles B et C Les molaires de Sfernhergia different toutefois de cedes dc Pucadeiphys par leur bass in du 
trigone, moms profond, leurparaconc, plusreduit, leureentrocrista formant un V plus marque, leurplateforme stylaire, plus petite, 
leur talomde, plus large, leur ingonide. plus has, leur hypoconulide ct cntoconide, plus grands et par la presence d’un cingulum 
labial. 

Dc u x a u t res Dklel ph i dae d 1 Labo ra i p rese n ten t d 1 i m port a n t es ressc mb! a nccs stru ct u ra 1 c s a vee Pn cade Ip hys : ee s ont : M a n misoj isis 
jitnuhl ct hchoraidefphvs campost. Bien que dans ccs cas la ressemb lance ne soil pas aussi frapp ante que pour Stembergia, 
Pucadeiphys pourrait egalement represen ter un hon ancetre morphologique pour ccs deux genres, 

Pucadeiphys montre egalenien t d’ i nteressantesressemblanecs avee plusieurs especes d A Iphadon et de Protalphadon cF Am£rique 
du Nord, genres classes pamii les Peradectidac par Marshall et aL f 3 989). Les trois genres presentem des structures den ta ires 
simifaires mais Pucadeiphys diflere des deux formes nord-ameri catties par la possession d’une centrocristaen V, d’ua paraedne plus 
petit que Ic melacSne fils sont sub-egaux chez Alphadon ct Proialphadon) ctdTtn protocone a flanc posterieur renlle. trois caraetcrcs 
de Didelphidae. En fail, Aiplmdon mars hi represents un bon ancetre structural pour les Didelphidae (Clemej^, 1966) et done pour 
Pucadclphys. Cette interpretation confiitne Fhyppthese dc Clemens (1966) ct de Crochet (1980) cjui pensent que les Didelphidae 
pourraienl avoir leur origine parmi les PeradeeLidae nord-americains. 11 est d'ailleurs imeressantde con stater que certains specimens 
d'AIphadon marsht ont unc centroerisia en V el un paraeone plus petit que 1e memedne (Ciff.lu, 1990 : 316). 


ANALYSE DE C A RAC TERES. — Sont passes en revue et di sen Les ci-dessous les elats de caraeteres qui paraissent importanls 
pour la comprehension de ['evolution des mummileres. Us seront presentes dans Pordro suivant; dentition, dcnlaire, Os du crane, 
foramens erantens, et region auditive. 

CA RA a iiRES DENI A IRES 

Nomhre d'inclst\ cs. — Pncadelphys p re sente Petal pleStomorphe qui est la possession de 5/4 ineisives. 

Structure des inasivessupmemes, — Pueadelphys est plcsiomorphe par la morphologic conique dc ses incisives qui 
sont d’une hauteur subegule. 

Structure des incisives infer!cures. — Tous les Didelphidae actuels ont une i3 dont la ratine est decalee en quinconce 
vers I’arriere. Cette disposition est absente chez Pucadelphys qui retienl done Fetal plcsiomorphe pour cc caractere- 

Narnbre de molaires. ei premplairex. - Pucadelphys preseme P3/3 cs M4/4, cc qui constitue Fetal plesiomorphe de cc 
caractbrc yu sein des marsupiaux.. 

Structure des molaires et premalai res. ■ - Avee une ccnirocrista cn V, un paracolic plus pel it que Ic mctacone et un 
protocone renlle postcrieurerncnl, Pucadelphys est cn parfail accord avee la structure demaire observee chez les Didelphidae, 

DENT At RE 

Processus mgulaire mjlechi. — Pucadelphys, qui possede unc telle structure, presents \'&m plcsiomorphe de ce 
caracterc au sc in des Trihosphcnidy. 

Si I Ion m\ I oh you! ten. — La presence d’un si lion mylohyoi'dicn chez Pumdeiphys cst une plesiomorphie au sein des 
mammiferesi 

Fommm mandibidaire labial. — L’absence de ce type dc foramen chez Pucadelphys represente Fetat apomorphe de 
ce caractere puisqu il ex isle chez la pi apart des mammi feres primitifs commc Kielantherium , Prakennalestes, Oetfesies, el 
Zulamhdalestes. Sa presence die? Microhiolheritnn gallegoense. un Microbidtheriidae du Miocene inferieur d 1 Argentine, 
constitue prohablcnient une reversion. 
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OS DU CRANE 

Orbit c grande et confluent? aver la fosse tempo rale. — Pucadelphys, qui presence la condition observes sur tons les 
cranes de thcricns du Cretace. est plesiomorphe pour ce caractere. 

Lacrimal. — Un lacrimal possedunl une grande aile f'aeialc esc Lin etat plesiomorphe present chez Pucadelphys. 

Contact nasal-lacrimal. — Un contact maxi I lairc-frontal est Uetat pldsiomorphe de ce-cnractcrc qtii sc rencontre ehez 
les cynodontes, les iriLytodontes, les mullitubercules, Morgcmucadan, Vincelestes, et Oehathendium. II existeegalement chez les 
Borhyaenoidea (probablcmeniun etat pMsiomorpheJet chez le vombatoide WynyMtdia (pfobablernent une reversion), pucadelphys, 
avec un net contact nasal - lacrimal, pres erne done l‘etat derive de ce caractere. 

Contact aiisphenotde-parietal. - Pucadelphys presente un large contact emre Falisphenoide et le parietal, ce qui 
const!tue feral plesiomorphe de ce caractere. 

Fosses palatines. — L' absence de fosses palatines chez pucadelphys esl un etat plesiomoq^he qui existe egalement chez 
les cynodontes. les monotremes, les multitubercules, Vineelestes, Deitalheridhtm. etchez de nombreux m£tatheriens. 

Processus preglenende du frontal, — Cette plesiomorphte prohable des Tribosphenida est pr£seme chez Pucadelphys^ 

FORAMENS DU CRANE 

Canal transverse. — Cette structure est absente chez Morganueodon. les monotremes. les multitubercules, les 
Deltatheroida, les Borhyaenoidea, certains DideJphidae, certains Dasyuridae el Pucadelphys, el cons time Vim plesiomorphe au 
sein ties mattirniferes. Un canal transverse est present chez tons les autres marsupiaux. 

Foramen ovale . — Le terme de foramen ovale est ici utilise pour designer le passage de la branche mandibulaire du 
trijumeau (VI) independammentdes os qu’il traverse, Le terme de foramen pseudovale utilise pprplusieurs auteurs (MacIntyre 
1967; Archer. 1976a) est extreme ment confus car sou vent utilise avec des sens differents, 

Foramen subsquamosal. —La presence de ce foramen chez Pucadelphys est un ctat plesiomorphe retrouve chez. Lous 
les metaLheriens et chez les euihdriens cretaces, Asioryctes et Kennalestes. 

Foramen posizvganuitique. — La presence de ce foramen chez Pucadelphys est une plesiomorphie qui sc retrouve chez 
tous les marsupiaux, 

REGION AUDITIVE 

Bade tympanique ossijlee Pucadelphys nt possfcde pas de processus tympamque de falisphenoidc. L’absence de 
bu lie tympanique os si fiee repre sente apparemmem fetal plesiomorphe chez les mammiferes (Ncvacbk* 1977), L 1 absence de 
processus tympanique dc falisphenoYde est une plesiomorphie chez Pucadelphys {et non une reversion, com me ceia Jut suppose 
par Marshall & Kielan -Jaworowska, 1992) et fetude du crane de Mayutesies, qui ne possedc pas non plus dc processus 
tympanique de 1'alisphenoYde, suggerc quece caractere est apparu plusieurs foisaucoursde revolution des marsupiaux (Muizon. 
1994). 

Orientation de i'ectotympanique et de la membrane tympanique- — Les avis divergent sur la position primitive de 
1'ectotympaniquc. Pour Nov ace K (1977)* fa position primitive est subhorizoniale car cctlc disposition est presente chez les 
monotremes et chcz Lambdopsalis et parce que Fectotympnique est subhorizontal dans les slades pnScoces du dcvcloppcment 
ontogeniquede lous les mammiferes. Pour KiBLAM-JAWOttowsKA (1981) I'ecto tympanique est primit i Yemeni oriente j 45° earnest 
la position dc Panguliiire (= ectoLympanique) chez les cynodontes el chez Morgaimcodon. De plus, Lcctoymptmique des 
euiheriens A s lor votes et Kenttalesres. qui Put retrouve hi situ sur certains specimens, pre sente une position a 4 5 G de fhorizontaje. 
Bien que fectotympanique dc Pucadelphys soil iticonnu* la position de la tenet re ovate Jaisse suppose r qu'il avail une position 
sub verticals coniine chez Lous les autres marsupiaux. Quel que soft Petal plesiomorphe de ce caractere, la condition 6c Pucadelphys 
serai t done derives 

Sinus mid it if. — L'absence de sinus auditifs chez Pucadelphys, qui sont en general a bond ants et vastes chez la plupart 
des autres marsupiaux, est un etat plesiomorphe au sein du groups 

Contribution de la pars mastoidea a i occiput. — Get etat, present ehez Pucadelphys a ins i que chez de nombreux autres 
mammiferes. est apparemment une pldsiomorphie pour les Tribosphenida.. 

Mastoide et processus paroccipitaL — L 1 absence dc processus parocripital et la petite taille du processus mastotde, 
comine ceJa sc rencontre chez Pucadelphys. repr£sentent apparemment un etat primitiI pour les mamiTuferes, 

Forme de la fenetre ovale et de id base du stapes , — Avec un rapport longueur/largeur de la fenetre ovale de 1,4, 
Pucadelphys est voisin de la condition plesiomorphe pour les marsupiaux. 

Artere stapedial*. — L* artere .slupediale esi presente cliez les embryo ns de lous les mam mi feres acluels mats sculement 
chcz les adultes d\Ornithorkyncluiscl d'eutheriens. Son parcours, marque par un pro fond si lion, sur le promo mo ire, a etc mis en 
evidence chez les multitubereules el chcz de nombreux eutheriens fossiles. L.’artere stapediale di spa rail chez les marsupiaux 
adultes, Icsqucfs ne presentent pas de si lion sur le promonloire et sont caraclerises par cede synupomorphic. La presence d une 
nrt&re stupediale chcz I'adulteest une pl6siomorphie chez les mammileres d V absence de si lion du promonloire IperLe de I artere 
stapediale) chez Pucadelphys. sernit indicateur d un etui apomorphe au sein des mummiteres mais plesiomorphe au sein des 
marsupiaux. 
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Ornrs de hi carotid* interne. — Lc emirs de ec vaisseau Chet Pucadeiphys esi sUue stir le bord medial da promontoire* 
Cette disposition est egnkmetu presume ehez tous les aulres marsupiaux, ehez les mo noire mes* ehez les cuthenens da Greta cl 
su peri curd'A sic eichez certains emhenens nctuds f rongeurs, lagomorphes, ongules) elconslituc I'et at plcstomorphe < Presley, 
19795 i/jtar apomorphe.au la carotide internees! Eateralc au proniomoirc t existechcz tons lesaulTescuLhgriens ct a du apparattre 
pin si curs ibis an coins de I'evolution. Pucudelphys retiertl done I £fat pl&siqrnorphfe pour ee caructcrL- 

SiHon pour le tie rffacial. — Lj presence dun si lion pour le lie if facial, ehez Pttcadelphys, csr une pfeiomorphie au sein 

des mam mi feres . 

Sinus et foramenpeirett.x inferkurs. — La presence deccs structures ehez Pucadelphys constituteune plesiomorphic au 
sein des marnmiJeres. 

Letmeamerieiirc. — Le p&mmastoYde dc Pucadelphys possede unc lame aniero-lateralequi participe a la format]on de 
L\ paroi interne de fa hotie cranienrre. A lu hauteur de cede lame, la parol externe du crane esi fbnnce pai I alisphenotde et le 
squamosal. Med talerneni ectte lame possede une fosse qin recevati t res probable men l lc gang lion tdgfrnirtS. Chez ties mammi lores 
pri mi tils com me Mor$mueodpn. Hutdawdrm, les mullitubercules. VmcetestescX les nionolremes, le p^iromastoide preseme une 
grande lame unterieure cjui paritcipe seule ft la formation dc la paroi Interfile du crane. Ellc s arltcule ante] ieiuemcnt avee 3c bord 
paste Hour dc rnlisphenoide ct su face medinle presenie une fosse qui recevait le ganglion trigemine. Chez les marsupiaux el les 
placenta ires actuds. il nkxisic pas de lam c amerieure du petromasioidc eu seul, rulisphenoi'de participe a la construction de la 
paroi late rale du crane. WtBLEi 1990) a cepemtanl nolequ’Il existait parfois ehez certains marsupiaux* une. structure cxtrememcni 
redime qui pourrait rc presenter unc relique de la |ame.antcrieure des mam mitres primilil's. Lastructure laminaire observe ehez 
Pttcadelphxs, kiquellc possede sur sa lace mediate la mernc fosse pour le ganglion trigeminc que cclle observee ehez les 
rvuimmifees non-irihasphdniques cites plus hunt ct qui occupe hi meme position que ehez ces formes, esi id c-onsiderec comme 
hamologuede In lame anterieure. La presence ehez Pat adelpin.uS une lame antcrieure encore hiendevcloppce T quoiqueneltcmenl 
plus red pile que ehez les mum mi fees non iribosphcniqucs, aerobic demontrer que la reduction cl la disparition de la Lime aiucricure 
du pctromastoVdc est une synapomorphie des Tnbosphcnidp* comma I avail mentionne Wible { 1990). Pucadelphys re presente unc 
eiape iniermediairc dans cettc reduction: ehez ce genre, la lame anted cure esi ex pul sec de la face externe de la paroi hue rale du 
crane par I'apparition d’une nrticuluiion du squamosal avec I'ulispheno'tde mais reste loujours prescntc. bien que reduile* sur la 
face interne de la paroi luteraledu crane. A cc siade* la paroi Literals du crane, dans la region unterieure du petrpnrnstoide, est done 
iiEte double lame dont la portion latcralc est formeepar le squamosal el 1*alisphenoide el la portion mediate par la lame amerieure 
du peiromasio'ide. Lc stade suivant i marsupiaux et piaecmaircs actucls) voil. la disparition de la lame amerieure. Pucadelpitys es! 
done la demonstration pakontologiquede hi polarite d’ un earaclere important de Involution de la paroi cranicnne des mam mi fees 
et continue les hypotheses de Wible f 1990) cl de Hopson & Rouoier 11993)* 


CONCLUSIONS 

Lc crane de Puvadelphys repress me un cm classique d'evolui ton en mosBtque. Pucadeiphys possede de nombreux caraefecs 
plesiomorphcs de marsupiaux* tieTrfbosphenida* deiheriensetdc Mammi feres, II possede neanmoins des caracteres upomorphes 
qui lendem a lc rapprocher de la 1’amiite des Didclphidae* La presence d'une lame amerieure du pctroniasioVde est un carackre 
plesiomorphc pour un marsupial qui lendrait b en faire le groupe frcrc de tons les autres marsupiaux el done a le placer dans un 
taxon nouveau: en fail Pucadtlphxs preset!Ee deju I'apomorphie des Tnbosphenida consistent cn une reduction de la lame 
amerieure du pbtroniastoYde* une structure qui a pu disparaflrc plusieurs fois au corns de revolution de ce groupe. L'absence de 
processus tympanique de ratisphenotde (structure longiemps consideree comme une synapomorpliie des marsupiaux) tcndiait 
egalcment a cn Litre le groupe frcrc plesiomnrphc pour ce caracterc de Lous les am res marsupiaux ou a envi sager une reversion. 
En fait, retude dc Mayidestex ferox, un borhyacnoidc du meme gisement que Pucadslphys ct ne possedant pas de processus 
lympanique dc Ihilisphenoi'de. a mnntrc que ccite structure emit sans doule appame plusieurs Ibis au cours de revolution des 
marsupiaux el ne .constituc pas un obstacle a la classification dc Pucadelphys parmi les Didclphidae. 

Les seuls caracieres derives, au setn des marsupiaux* que possedc Pucadelphys so ill ccux de la structure dc ses molaircs 
sitpeneures qui le rangeni sans equivoque au sum des Didclphidae. 


Source MNHN. Pans 


PUCADELPMYS A NDINUS: TH E S K Li LL 


27 


INTRODUCTION 

Skulls and basicranial bones of mammals are very important in phylogenetic studies, yet 
these elements are extremely rare in rocks of Cretaceous and earliest Paleocene Age. Because of 
a dearth of such specimens, little is known of the early cranial evolution of Tribosphenida 
(metatherians, eutherians and their common ancestors with tribosphenic dentitions; serisu. 
McKenna. 19751. In fact, the character states of skull features in the direct common ancestor of 
metatherians and eutherians are unknown, yet inferences about these states have been made based 
on study of a few late Cretaceous specimens and of Cenozoic and living laxa ( Kemp, 1982; 1983). 

To date, there are only two non-tribosphenid therians for which cranial material is known. 
One is a eupantothere from the late Jurassic of Portugal, Henkelotherium guimarotae which is 
represented by a very partial skull associated with a nearly complete skeleton (Henkel & Krebs, 
1977; Krebs, 1987; Krebs, 1991), and the other is the eupantothere Vincelestes neaquenianus 
from the early Cretaceous of Argentina, which is known from nearly complete skulls and skeletons 
which have not yet been fully described (Bonaparte & Rougher. 1987; Rougier & Bonaparte, 
1988; Rougier et a 1992; Hopson & Rougier, 1993}. 

Eutherians are the best known oflatc Cretaceous tribosphenids, and complete or partial 
skulls of A sioryctes, Banmlestes. Kemuilestes and Zalamhdalesies have been described from the 
?lateSantonian and/or Campanian of Asia (Kielan-Jaworowska, 1981:1984; Kielan-Jaworowska 
& Trofimov, 1980). 

In sharp contrast, basicranial remains of metatherians from the late Cretaceous are 
extremely rare. Deltatheroidu. the possible plesiomorphic sister-group of marsupials (Kielan- 
Jaworowska & Nessov. 1990; Marshall & Kielan-J aworowska. 1992) are known by several 
partial skulls and by one almost complete skull (e.g. Anonymous. 1983), although the basicranial 
region has not been described. Specimens of metatherians which have been described include a 
right ventrolateral corner of a skull of Eodeiphis browni (Stagodontidae) from the Belly River 
Formation of Alberta (Matthew, 19 16); a left ventrolateral corner of a skull of Didelphodon vorax 
(Stagodontidae) from the Lance Formation of Wyoming (Clemens, 1966; a second ear region 
described by Clemens as D. vorax is a multituberculate; see Wible, 1990); a nearly complete left 
petromastoid from the Hell Creek Formation of Montana w hich Archibald (1979) described as 
either Pediomys hatcheri. P.jlorencae ox Alphadcm rhaisterbut which Wible (1990) calls Petrosal 
Type D (possibly A. rhaister); and ten petromastoids from the late Cretaceous of North America 
which Wible (1990) refers to as Petrosal Type A (one specimen, probably Pediomys hatcheri or 
F.jlorencae), B (one specimen, possibly P. hatcheri or P. jlorencae ), and C (eight specimens, 
indeterminate). Recently Trofimov & Szalay (1993) gaveashort presentation ofa new' marsupial 
from the late Cretaceous of Mongolia. The specimen is an almost complete skeleton of a 
Monocle. Iph is sea lops -sized animal which has a marsupial dental formula and marsupial features 
in its denial morphology. In the early Paleocene of the Santa Lucia Formation (Bolivia) another 
specimen of early Meiaiheria is a partial skeleton of a new borhyaenoid, Mayulestes ferox, 
Muizon, 1994, which includes a very complete skull. As mentioned in its preliminary description, 
the skull of Mayulestes bears several features that question the traditional definition ofMetatherians. 
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In this part of the volume we describe nearly complete skulls of the metatherian Pucadelphys 
andinus Marshall & Muizon (1988) from the early Paleocene age Santa Lucia Formation (sensu 
Gayet et at.., 1992) al Tiupampa in southcentral Bolivia (Fig. I). With a nearly complete 
undescribed skull of a deltatheroid from the late Cretaceous ol Asia (Anonymous, 1983; Kielan- 
Jaworowska & Nessov, 1990), the marsupial skeleton mentioned above (Trofimov & Szalay, 
1993), and the skeleton of Mayulestes, these are among the earliest complete skulls of metatherians 
(or possible metatherians) yet known. As shown below, these skulls reveal numerous character 
states which have important bearing on the phylogenetics of Metatheria, in particular, and on 
Tribosphenida, in general. The postcranial skeleton is described in the part Til of this volume 
(Marshall & Sigogneau-Russell, 1995). 


Abbrlvations of Institutions. — MNHN, Institut de Paleontologie. Museum National d Histoire 
Naturelle, Paris; YPFB Pal. paleontology collection of Yacimientos Petrolfferos Fiscales de 
Bolivia in the Centro de Tecnologia Pctrolera, Santa Cruz, Bolivia. 


SYSTEMATIC PALEONTOLOGY 

Serial designation for teeth follows Lockett (1992) contra Archer (1978), Hershkovitz 
(1982), Marshall & Muizon (1988 land Muizon (1992) (i.e. premolars are PI, P2. P3; deciduous 
tooth is dP3; permanent molars are Ml, M2, M3, M4); terminology for molar structure is shown 
in Figure 5; usage of Metatheria follows Marshall et al. (1989). [although we admit that the 
Deltatheroid a could possibly be included in this taxon as recommended by Ktelan-Jaworowska 
& Nessov (1990) and Marshall & Kielan-Jaworowska (1992); usage of Theria follows Kielan- 
Jaworowska et al. (1987). and Tribosphenida follows McKenna (1975); suprageneric ranks of 
Metatheria follows Marshall et a!. (1989), All measurements arc in millimeters (mm). Abbre¬ 
viations of teeth me as follows: c, lower canine; C. upper canine; i, lower incisor; I, upper incisor; 
m, lower molar; M. upper molar; p, lower premolar: P, upper premolar. 

Legion TRIBOSPHENIDA McKenna, 1975 
Infraclass METATHERIA Huxley, 1S80 
Order DTDELPH[MORPHIA (Gill, 1872) Marshall et al 1989 
Family DiDELPHIDAE Gray, 1821 
Genus PUCADELPHYS Marshall & Muizon. 1988 

Type-Species. — Pucadelphys andinus Marshall & Muizon, 1988 
Diagnosis. — Same as for type and only known species. 
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Pucadelphys andinus Marshall & Muizon, 1988 


Holgtypb. — YPFB Pal 6105, a nearly complete skull (missing part of left zygomatic arch) 
and associated dentaries with alveoli of 12-5, and II and C1-M4 present on right side; alveoli of 
11 and 13-5, crowns of 12 and C1, roots of PI, P2 missing, posterior half of P3. and M1 -4 present 
on left side; right dentary missing ventromedial edge of horizontal ramus with alveoli of il and 
i4, root of i2, complete i3, complete cl-m4 (p3 not fully erupted); posterior part of left dentary 
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Fig. 5. — Terminology for molar slrucinre of a generalized marsupial (alter Marshall, 19871. 
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with ml-4; and associated articulated partial skeleton of neck and thoracic regions (figured by 
Marshall & Muizon. 1988. Figs i. 3A). 


Hypodigm. — The holotype. YPFB Pai 6105; YPFB Pal 6107. greater pan of skull and 
articulated dentaries with root of right Cl and complete light P1-M4 and p2- m4. complete left 
C1-M4 and c 1 -m4. and palatal and basicranial part of skull crushed slightly internally; YPFB Pal 
6108, greater part of dorsovcntrally crushed skull with associated dentaries, with complete Cl- 
M4. alveoli of i 1 -4 and c I -m4 present (missing tips of p3 and m3 protoconid) on right side, and 
root of Cl. complete PI-M4, root of cl. alveoli of pi, p2-3 present (missing all but bases of 
crowns) and m2-4 present (m2 missing tips of para-and metaconid, m4 missing tip of paraconid) 
on left side: YPFB Pal 6109, rostral part of skull with right C1-P3 and trigon of M2, left P1-M4 
(figured by Marshall & Muizon, 1988. fig. 3B), greater part of left dentary with bases of cl and 
p I. and p2-m4 complete (figured by Marshall & Muizon. 1988, fig. 3C): YPFB Pal 61 10, greater 
part of skull and articulated dentaries with most of dentition (missing only 11-5, left P1 and lip of 
left p2) and part of articulated thoracic region of skeleton (figured by Marshall & Muizon, 1 988, 
fig. 2 ); YPFB Pal 6470, anterior part of skull (dorsovcntrally crushed) with left 12 complete, 
alveoli of II and 13-5, complete CI-M4, right Cl-M4 complete, hasicranium with complete right 
petromastoid and four articulated vertebrae, anterior half of right dentary with cl and p2-m2 
complete, and alveoli of p 1, and greater part of left dentary with i 1 complete, alveoli of i2-4, c 1 
complete, roots of p I. and p2-m4 present (trigonid of m4 missing); YPFB Pal 6471. premaxilla 
with right CI -PI. fragment of left maxilla with M2-4 complete and attached zygomatic arch with 
glenoid fossa, exoceipital region of skull with three articulated vertebrae, anterior ends of left and 
right dentaries with c I -p I in each, and posterior part of left dentary with m3-4; YPFB Pal 6472, 
right maxilla and premaxilla with complete C i -M4. complete right dentary with bases ol i 1 -4, and 
complete cl-m4; YPFB Pal 6473, left maxilla with complete M1-4. greater part of left dentary 
with root of i I. base of 12, complete i3-4, c 1 missing lip of crown, and v irtually complete p 1 -m4; 
YPFB Pal 6474. greater part of left dentary of juvenile with three incisors and alveolus of a fourth, 
c! erupting, p2 and m2 complete, and trigonid of erupting m3: YPFB Pal 6475, right maxilla with 
Ml-4 (M2 missing antcrolabial corner oferown): YPFB Pal 6476, right maxi I la with M2-4: YPFB 
Pal 6477. right maxilla with M2-3 and parastyle of M4; YPFB Pal 6478, right maxilla with M2- 
3; YPFB Pai 6479, anterior part of right dentary with cl-p3 complete and broken base of ml; 
YPFB Pal 6480. fragment of a right dentary with posterior half of p3. complete m I, and trigonid 
of m2; YPFB Pai 6481. fragment of right dentary with m3-4 (trigonids broken on both); YPFB 
Pal 6482. fragment of right dentary with ml missing trigonid and complete m2; YPFB Pal 6483 
(=MNHN Vil 118). an isolated left m2 missing tip of paraconid (figured by Muizon et al.. 1984, 
fig. 8): YPFB Pal 6484 (=MNHN Vil 127), an isolated left m4 missing tip of metaconid and 
posterior edge of entoconid (figured by Muizon el a I 1984. Fig. 9); YPFB Pal 6485, fragment ol 
left maxilla with broken roots of CI-PI and complete P2-M4. 
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Horizon and Locality. — The specimens of Pucadelphys andinus described here were 
recovered from the Santa Lucia Formation {sen.su Gayet etui. 1992) at Tiupampa, located about 
95 km southeast of Cochabamba (see Marshall e! a/., part I of this volume). 

Aor. Tiupampan Land Mammal Age (sensu Ortiz Jauregoizar & Pascual, 1989; 
Marshall, 1989). early Paleocene (Van Valen, 1988; Gayet era/., 1992; Bonaparte era/., 1993: 
Muizon & Brito, 1993; Marshall et «/., part I of this volume). 

Diagnosis (skull morphology only). — (5/4 Cl/1 P3/3 M4/4; 11 -5 in continuous series (no 
diastem); i3 not staggered; cheek teeth structure as in Didelphidae: paracone smaller in size in 
occlusal view and distinctly lower in lateral view than metacone; centrocrista V-shaped with apex 
of V pointing labially toward styfar cusp C; stylar shelf well developed; stylar cusp B highest of 
stylar cusps; stylar cusps A, C and D subequal in size and only slightly smaller than stylar cusp 
B; parastyle spur-like, extends anteriorly and overhangs posterolabial edge of preceding tooth: 
remnant ot mylohyoid groove; large medially inflected angular process: rostrum short; secondary 
palate solid (no evidence of vacuities) and extends posteriorly to point behind M4; nasals narrow 
anteriorly, much expanded posteriorly with W-shaped contact with frontals; small frontal-maxilla 
contact; lacrimal with large facial wing; lacrimal canal large, opens within orbit; orbit confluent 
with temporal fossa; jugal participates in formation of preglenoid process; glenoid fossa situated 
posteriorly opposite anterior half of promontorium; subsquamosal foramen present; tympanic 
area uncovered, no evidence of ossified auditory bulla or of ossified ectotympanic; tympanic 
membrane apparently oriented obliquely at 45° or more from horizontal; no auditory sinuses; 
piomontoiium luige, teardiop-shaped, inflated ventrally; sulci lor facial nerve, sigmoid sinus, 
inferior petrosal sinus, prootic sinus, and sphenoparietal emissary vein; internal carotid artery 
medial in position; no evidence of transverse canal; prootic canal for lateral head vein (vena capitis 
lateralis) present; petromastoid w ith anteroanterior laminar structure which is regarded here as 
homologous to the anterior lamina of the non-tribosphenid mammals; foramen ovale (exit for V3) 
located posteriorly oppoxile anterior part of glenoid fossa, rimmed anteriorly by alisphenoid and 
posteriorly by anterior lamina of petromastoid; external acoustic meatus very small. 


DESCRIPTION 

Anatomical features are described in the following order: upper dentition, lower dentition, 
dentary and skull. 

11 -5 (Figs 10 and 12). — The right 11 is preserved in YPFB Pal 6105 and the left 12 in YPFB 
Pal 6470: both teeth have small rounded crowns. As shown by the alveol i of 11 -5 preserved on the 
right and left side of YPFB Pal 6105 and left side of YPFB Pal 6470. a slight size increase occurs 
from 11 to 14 (13 and 14 are subequal in size) and 15 is smaller than 14. being similar in size to II. 
The edges of the alveoli of 11-4 are on the same level, while that of 15 is situated more dorsally 
in the anteriormost edge of a large fossa in the posterior part of the premaxilla which accomodates 
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ihe tip of c 1. [ I -5 occur in a continuous sequence with no spaces between them or between the left 
and right IJ's. A distinct diastema (1.4 mm on left side of YPFB Pal 6105) separates 15 from 
Cl. 

C1 (Figs 10 and 12). —This looth is large, pointed and arcs vcntroposteriorly such that the 
tip of the crown is about ventral to the posterior edge of the crown base, in cross section C1 is ovoid, 
being longer than wide (2.2 mm x 1,2 mm al the base of right Cl in YPFB Pal 6105). Cl is 
consistently larger than cl in specimens where both are preserved. Cl is either in direct contact 
with PI or separated from it by a very small diastema, 

PI -3 (Figs 6 and 7). —These three teeth are all double-rooted; an increase in crown length, 
width and height occurs from PI to P3. PI is considerably smaller than P2-3 (Table 1); in occlusal 
view it is ovoid, a low ill-defined heel occurs posterobasalIy, and the crown tip lies ventral to the 
posterior edge of the anterior root. P2 is slightly smaller than P3 (Table 1); thecrown tip lies ventral 
to the anterior edge of the posterior root, at about the same height as the occlusal surfaces of MI - 
4. A distinct cusp occursposterobasally and a very small cuspule occurs anterobasalJy. Weak basal 
cingula usually occur along labial and lingual edges of crown posteriorly, and there is a distinct 
posterolingual swelling of the crown. P3 is the largest of upper premolars; the crown lip lies 
medially below the center of the tooth and is considerably higher than the occlusal surfaces of M1 - 
4. There is a distinct posterobasal cusp, an anterobasal cuspule (which is larger than that on P2), 
a distinct posterobasal cingulum labially, and a weaker basal cingulum lingually which extends 
from the anterobasal cuspule to the posterobasal cusp. 

Ml-4 (Figs 6 and 7). — In average length M1=M2>M3>M4 and in average width 
M 1<M2<M3>M4 (Table 1). The protocone is large,broad anteroposteriorly, and inflated basally, 
particularly posterolingually. The preprotocrista is slightly shorter and more rectilinear than the 
posiprotocrista which has a distinct posterolingual bow on M1 -3. The trigon is distinctly basined 
on Ml-3. less so on M4. The para- and metacone are well developed on Ml-3. The paracone is 
slightly smaller in occlusal view and lower in lateral view than the larger and higher metacone on 
M 1 -3 (on M4 the paracone is very large and high and the metacone, very reduced to absent). The 
metaeonule is slightly larger than the paraconule on M2-3, subequal on Ml. The centrocrista is 
V-shaped (diiambdodonl; sensu Crochet, 1980) with apex of V pointing lahially toward stylar 
cusp C. The para- and metacone are weakly V-shaped (not connate) with their apex pointing 
lingual ly toward the para- and metaeonule, respectively. The paracone, the centrocrista and the 
metacone form a weak W-shaped structure in occlusal view. The paracrista is low, short, 
rectilinear, and unites the paracone with a large stylar cusp B on Ml-4. The metacrista is low, 
slightly longer than the paracrista on Ml-3 (particularly on Ml-2) and with a posterior bow (on 
M2-M3). The stylar shelf is well developed on Ml-3 with an anteroposteriorly elongate basin 
separating para- and metacone from the row of large stylar cups. The stylar- cusp B is the largest 
of stylar cusps; the stylar cusps A. C and D are also well developed, subequal in size and only 
slightly smaller than the stylar cusp B on MI-2. On M3 the stylar cusp A is subequal to B, while 
C and D are more reduced; on M4 stylar cusps A and B are fused into a large parastyle (other stylar 
cusps are extremely reduced or absent). There is no distinct evidence of a stylar cusp E on Ml- 
4. A prominent parastyle, formed by spur-like stylar cusps A and B, extends anteriorly and 
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Fig. 6. — Piicudelpkys nndimis.. SEM photos of left P3-M4 \ A* labial; B, occlusal; C. lingual views) of YPFR Pal 6470; and tell 
p2-m4 ( D, labial; F, occlusal: F, lingual views) of YPFR Pal 6109. X 15. 

Fig. 6, — Pucaddphys undin us. Photos MFB d? P3-M4 gaucheb {A. vue labiate; B, i ne ncdumfe: C. vite fmgmle ) sl'YPFB Pol 
6470; £'lp2-m4 xattchc.U D, me labiate; li. yue ocdusali; f\ vu? Itngmle) J'YPFB Pal 6109. V !A. 
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Fig, 7 

Fig. 7 



0 3 

i-1_i_ j 

m m 


/ ncctdelphys andimi.s. A-C. left P3-M4 (A, labial: B, ocduSal; C. lingual views), based on YPFB Pal 6109 and 6470: D- 
F. let! p3-m4 (D, labial: E occlusal; F. lingual views), based on YPFB Pal 6109 and 6473. 

—Pucadelphys andinus. A-C. P3-A14 gauches(A, vue labiate; ii, vue occhmile: C, vue lingutile). d’apres YPFB Pat6109 
el 6470; D-t. p3-m4 touches {IX vue labiate; E, vue occlusale; F. vue Ungualel d'apres YPFB Pal 6109 el 6473. 


Source ; MNHN , Pans 
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overlaps the posterolabial edge (i.e. metastylar region) of the preceding tooth. A distinct 
paracingulum extends along anterolabial edge of crown from stylar cusp A; it becomes very 
narrow below the tip ot the paracone (it disappears on M4) and continues lingually to disappear 
below the paraconule. The cctoflexus is absent or very shallow on M1 and increases in depth from 
MI to M3. M2 differs from Ml in being slightly wider having a slightly deeper ectoflexus, and 
a longer paracrista relative to metacrista. M3 differs from Ml-2 in having a distinct ectoflexus, 
an enormous spur-like parastyle on which stylar cusps A and B are large and subequal in size, 
smaller stylar cusps C and D. a metastyle area reduced in size relative to the more prominent 
parastyle area, para- and metacrista more subeqpal in length, and a crown less bulbous and 
narrower anteroposteriorly (i.e, more transversely elongate). 

i 1 -4 (Fig. 8). — A left i 1 is preserved in YPFB Pal 6470, a right i3 in YPFB Pal 6105. a right 
i4 in \PFB Pal 6472. and left i3-4 in YPFB Pal 6473. The il-4 have simple ovoid crowns and 
increase slightly in size from i 1 to i4; 14 is in direct contact with cl. 

c l (Fig. 8). — This tooth is large, pointed, arcs in anterodorsal direction. It is ovoid in cross- 
section. longer than wide (1.5 mm x 1.0 mm in l ight YPFB Pal 6105). The axis of the tooth is set 
at a slight oblique angle relative to the cheek tooth series (i.e. anterior edge labial, posterior edge 
more lingual), cl is consistently smaller than Cl. 

pi-3 (Figs 6 and 7). — All three teeth are two-rooted, pi is very small relative to p2-3, and 
is separated from cl and p2 by small (0.5 mm) diastems. It is ovoid in occlusal view with the 
highest point of the crown set above the anterior edge of the anterior root. p2-3 are subequai in 
length and width (Table 1) although p2 tends to be slightly lower in height; both are distinctly 
premp lari form with well developed posterobasal heels. The crown tips are about same level as 
protoconid tips of ml-4. The p2 differs from p3 in having the principal cusp narrower 
anteroposteriorly and inclined more anteriorly so that the tip occurs above the middle of the 
anterior root (on p3 the anteroposteriorly broader primary cusp is more dorsally directed so that 
tip occurs dorsal to posterior edge of anterior root): p2-3 occur in close succession without spaces 
separating them or p3 from m l. 

m 1 -4 (Figs 6and7). — In average length m 1 <m2=m3>ni4, in average widthm I <m2=m3>m4 
(Table I). The labial side of teeth is higher than the lingual side, and the trigonid is well elevated 
above the talonid. The trigonid of m 1 is relatively long (paraconid set anierolabially), while those 
of m2-4 are foreshortened anteroposteriorly and distinctly wider than long (paraconid set more 
lingually). The protoconid is the highest of the trigonid cusps and slightly higher than the 
metaconid. The paraconid is smaller than the metaconid and inclined anteriorly. Protoconid and 
metaconid are united by a straight trenchant protocristid. The talonid is broad and distinctly 
basined on ml-4, being wider than the trigonid on ml-3. and narrower on m4. The hypoconid is 
[lie dominant talonid cusp on ml-3; it is V-shaped in appearance, and considerably larger than 
entoconid and hypoconulid in occlusal view. In lateral view of ml-3 all three talonid cups are 
subequal in height. A short cristid obliqua contacts the trigonid at the posteromedial surface of the 
protoconid, labial to the protocristid notch. The hypoflexid is well developed on m 1 -4. Entoconid 
and hypoconid are subequal in size in occlusal view on ml-3. and the hypoconulid is “twinned” 
with the entoconid (i.e. set closer to entoconid than to hypoconulid). On m4 entoconid and 
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hypoconulid are fused basally, and the hypoconid is distinctly elevated above the much lower 
entoconid and hypoconid. A precingultd is well developed on ml -4: a postcingulid (i.e. shelf 
extending ventrolabially from tip of hypoconulid across posterior surface of hypoconid) is well 
developed on*ml-3 hut absent on m4. 


Dhntaky (Figs 8 and 9). — The horizontal ramus is long and slender. The ventral border of 
the bone is relatively flat between p l and m3, bending dorsaily anterior to p2 and posterior to m3. 
The deepest point occurs below ni3-4, with,a gentle decrease in depth from m3 to pi. 

The articular surface of the symphysis is slightly rugose and covered by numerous vascular 
foramina; a well-developed symphyseal ligament was apparently present. The long axis of the 
symphysea! surface lies at an angle of about 40° to the horizontal axis of the deniary and extends 
posteriorly to below p2. There arc typically two large mental foramina, one below p 1 and another 
below m I. A groove on the medial surface of the dentary, about 1/3 of the way above the ventral 
edge, extends from the anterior edge of the angular process to below ml. becoming shallower 
anteriorly. This represents the mylohyoid groove { Bensley, 1902 J and marks the course of a 
neurpvascular bundle which probably included the mylohyoid artery and nerve. The angular 
process is very large and inflected medially; it is situated far posteriorly, more or less below the 
condyloid process. The mandibular foramen is situated dorsal to the anterior edge of the angular 
process and below the middle of the coronoid process. The masseteric fossa is shallow with a 
posteroventral border (between the condyloid process and the point directly ventral to the middle 
of the coronoid process) developed into a broad laterally directed shelf. In dorsal and ventral 
views, the posterior part of the dentary has a broad V-shape due to the large medially inflected 
angular process anti the large laterally directed expansion of the posteroventral part of the 
masseteric border. The condyloid process is wide transversely; the portion projecting lateral to the 
vertical plane of the dentary is about three limes longer (transversally) than that projecting 
medially. Il occurs dorsal to the horizontal plane through mI -4, at about the same level as the tip 
of cl. Its articular surface is broadly convex dorsoposteriorly. The coronoid process of the 
ascending ramus is broad anteroposteriorly, thin transversely with the anteroposterior axis in the 
same vertical plane as the labial sides of m! -4. Its upper margin is rounded {convex dorsaily) and 
its posterior border is markedly concave posteriorly. 


General Skull. Structure (Figs 10-14 and 16). —There are five partial or nearly complete 
skulls. The most complete and least distorted is the type YPFB Pal 6105 (Figs 10 and 18} which 
is the basis for the reconstructions in Figs 10, 15 and ! 7 along with details incorporated from other 


Fig. 8. Puradtdphys amhmts. Right dentary of YPFB Pa] 61 OS (A. lateral; R. dorsal; C medial views). Slereophotos X 2,5. 

Fig. S, - Pueadelphys andinuS; Denrain* droit d r YPFB Pal 61 OS (A t vtic laitimk’; /f vite dorsad; C. nte mediate). Photos 
stereoscopiques X 2.5, 


Source MNHN Pans 
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specimens as indicated. In YPFB Pal 6105 the nasals and the left part of the rostrum anterior to 
the infraorbital canal are slightly crushed ventrally, but the remainder of the skull is virtually 
undistorted. Specimens YPFB Pal 6107 (Fig. 14) and 6110 (Fig. 13) arc crushed slightly 
transversely, particularly in the basicranial and palatal areas. This crushing is most extreme in 
YPFB Pal 6110 where the hasioccipital is missing, the exoecipitals are in near contact and the 




FiQ. 9. — Pucaddphys tmdiruts. Reconstruction of right dentary of YPFB Pal 6108 (A, lateral; B. dorsal: C medial views'). 
Abbreviations; up. angular process of dentary: corprL coronoid process of deruary: cpd, condyloid process of deritary: 
DEN(ar). ascending ramus of dentary; DEN(hr) t horizontal ramus of dentary: masf. masseteric fossa; menf, mental 
foramen inf mandibular foramen (^inferior alveolar foramen); m|>. mylohyoid groove (=meckeljan groove): psmL 
posterior shelf of masseteric fossa; stL symphysis of dentary. 

Fig, 9, Pueadelphys and i nus. Reconstitution du dentahe droit d' YPFB Pa! 61OS (A . i 'ite la trade; B, \ ue dorsal e; C. me mediate f 

Abreviaiions: ap . peacesus angidaire dit dentaire; corpd. processus corono'ide du den tube; cpd, condyle ariiculaire dtt 
dentaire; DENfar), tranche ascendame du dentaire; DENtfir), tranche horizon fale du dentaire; was f\ fosse masse ferine: 
nienfjoramenmmtcmier; nif foramen mandibidaire f - foramen alveohire infirieur}; mg. sit ton mylohyaidietr (=titlan 
de Meckel); psmf, platefonne pasterieare de la fosse masseterine; sd t symphyse du dentaire* 


Source MNHN , Pans 
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anterior ends of the pars petrosa of the petromastoids are in direct contact. The fourth skull, YPFB 
Pal 6108 (Fig. 16), is crushed dorsoventraliy and the dorsal surface is displaced to the left relati ve 
to the ventral surface. The rostral portion of the fifth specimen, YPFB Pal 6109 (Fig. 11), shows 
virtually no distortion on the right side, although the nasals are slightly depressed anteriorly and 
the posterior part of the left maxilla is separated from the rest of the skull. 

In YPFB Pal 6105 the ratio of the condylar-premax.illa length (28.5 mm) and the breadth 
between the outer edges of the zygomatic arches (approx. 19.5 mm) is about 0.68. The ralio 
betweenthc condylar-canine length (25.0 mm) and the broadest point of the braincase measured 
between the outer edges of the mastoid processes (11.0 mm) is 0.44. 

The most distinct aspect of the skull in dorsal view is the short rostrum and overall bilobed 
appearance, w ith a broad area between the lacrimals and another between the posterior bases of 
the large zygomatic arches (Fig. 12). The narrowest point of the skull, excluding the nasal region, 
is just anterior to the frontal-parietal suture, the site of the interorbital constriction. The orbit is 
broadly confluent with the temporal fossa. 

A weak sagittal crest occurs in all specimens, but is best developed in YPFB Pal 6105 where 
it begins on the posterior part of the frontals; in the other specimens the sagittal crest occurs only 
on the parietals and begins at the frontal-parietal suture, In all specimens the sagittal crest becomes 
higher and more prominent posteriorly. A dorsoposteriorlv directed lambdoidal crest of the 
postparietal is well developed in all specimens. In ventral view (Fig. 12) the palate, including the 
dentition, and the basicranium are similar in size and shape, being broadly triangular with their 
apices directed anteriorly. 

In lateral view (Fig. 12} the recess for the external acoustic meatus is small, broadly U- 
shaped, and bounded posteriorly by a small posttympanic process of the squamosal; it is situated 
immediately ventral to the subsquamosal foramen and dorsoposteriorly to the postglenoid 
foramen. The glenoid fossa is situated far posteriorly, opposite the anterior extremity of the 
promon tori urn of the pars petrosa. The foramen ovale is also situated far posteriorly at the 
posteroventral corner of the alisphenoid opposite the anterior part of the glenoid fossa; it is rimmed 
anteriorly by the alisphenoid and posteriorly by the anterior lamina of the petromastoid: its lateral 
margin touches the squamosal suture, The occipital plate slopes upwards and slightly forwards 
from the occipital condyles. 

Nasal (Figs I I and 12). — Anteriorly (he nasals are elongate and subequal in breadth. At a 
point approximately dorsal to P2 they flare sharply laterally and posteriorly toward the frontal- 
maxilla suture, where their sutures with the frontals abruptly bend medially and. before meeting, 
make a sharp bend anteriorly. The nasal-frontal suture thus has a distinct W-shape, with the base 
of the W pointing posteriorly and the top anteriorly. The anterior-most edges of the nasals are 
broken in all specimens, but as suggested in YPFB Pal 6105 (right side) and 6110 in which they 
are most complete, they extended somewhat beyond their point of contact with the premaxilla and 
were apparently slightly longer medially. 

Prkmaxilla (Fig. 12). — In dorsal and lateral views the premaxilla is sharply V-shaped. The 
ascending process is directed posteriorly between the nasal andniaxilla and its posterior extremity 
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Flu, 10. —Pucadffffhys andinus, Skull of YFF8 Pal 61.05 fholotype) i A, dorsal; B. ventral; C, occipital; D, right lateral; E H left 
lateral views). Stereo phot os X 2,5, 

Ff g 10, Pu c lj de J p h y s m .d \ n u s - Crm ed’YP FB Pal 6105 1 h ol otyf w) f A . i *t te dorm I e; B , 1 ■' *-tv 1 1 mle; C, \ n te occif u fal v : D, 1 ■ ue 

fate rale droite : /T. vac late rale gauche). Photos stericwcopiques X 2.5. 
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is dorsal to the middle of C 1. The ascending process of the premaxilla forms (he dorsolateral edge 
of the nares and its lateral surface is slightly convex. The anterior edges of the two premaxillae 
have a distinctly rounded (sharply convex) shape when viewed dorsally. In ventral view the 
pretnaxilla-maxilla suture extends posteromedially from the anterior-most edge of the maxilla 
(lateral to 14). across the fossa which receives cl. Medially to the anterior mid-point of Cl. the 
suture bends antcrqmedially and reaches the lateral edge of the incisive foramen in its posterior 
quarter. On the medial edge of the incisive foramen, the premax i 11 a- m axilla suture runs 
posteromedially from the posterior quarter of the foramen to the median plan of the skull. The 
paired incisive foramina are well developed and elongate anteroposteriorly. extending from a 
point medial to 13, anteriorly and to a point medial to the anterior edge of Cl, posteriorly. The 
anterior 75$ of the bar separating the incisive foramina medially is formed by the premaxilla; the 
posterior 25% is formed by the maxilla. 


Maxilla (Figs 12 and 15). — A small wing of the anterolateral edge of the maxilla overlaps 
the posterolateral edge of the premaxilla to a point labial to 15 and forms the lateral rim of the fossa 
between 15 and Cl (Fig. 12}. Posteredorsally, the maxilla is wedged between the nasal and 
lacrimal, and has a small, but clear, contact with the frontal. From the posterior edge of the frontal- 
maxilla suture, the maxilla-lacrimal suture runs in an anterior direction, then anteroventrally along 



Ru I I —Pncciitelphvs andinus. Rostral parr of skull of YPFB Pal 6100 (A. dorsal; B. right lateral views). Slcrcophotos X 2.5. 

Fig. II — Pucadelphys andinus. Portion row-ale dit crane d‘ YPFB Pal 6109 (A. rue dorsals.; B. vite hteraie clroiie). Photos 
stereoscopiqu&s X 2.5. 
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ihc anterior rim of pe orbit, contacting the jugal at the lower edge of the orbit dorsal to the posterior 
edge of M2. From that point, as seen in lateral and ventral views, the maxilla-jugal suture extends 
in a straight fine posleroventrally. 

The anterior (rostral) opening of the infraorbital canal is large, slightly elongate dorsoven¬ 
tral ly (the ventral edge is slightly broader than the dorsal edge), and opens dorsal to P3. The 
posterior (orbital) opening is also large, slightly elongate transversely. The dorsal rim is formed 
by the lacrimal, the ventral and lateral rims by the maxilla, and the ventromedial rim by a sliver 
of the palatine which extends anteriorly between the lacrimal and maxilla into the infraorbital 
canal, as is clearly seen on Jett side of YPFB Pal 6105 (Fig. 15). The infraorbital canal transmits 
the infraorbital branch of V2, a branch of the infraorbital artery to the mesial side of maxilla and 
premaxilla, and a small vein in Recent inetatherians (Archer, 1976a). 

Within the orbit the maxilla forms the floor and, along its medial edge, has abroad contact 
with the palatine. The large postpalatine foramen is bordered by the maxilla laterally and by the 
palatine dorsally, medially and ventrally (Fig. 15). 

In ventral view (Fig. 12), the posteromedial edge of the maxillaextendsanleroniedially from 
the lateral side of the postpalatine foramen, roughly parallel to the lingual edges of M3-4, and 
apparently has a broad transverse contact with the palatine medial to the embrasure between M2 
and M3. This area of the palate is broken in all specimens and the suture itself is not visible; 
however, the relatively complete palate in YPFB Pal6105 shows no vacuities in the palatal portion 
of the maxilla. 

Pal atine (Figs 1 0 and 12), — The palatine contribution to the secondary palate is preserved 
only in YPFB Pa! 6105 where it is nearly complete. The posterior edge of the palatine is a 
transversely thickened bar, the postpalatine torus, which extends below the level of the palate and 
which it encloses posteriorly. This torus lies posterior to the M4's and its maximum thickness is 
located laterally, posterior to the protocone's of the M4’s. A large ovoid postpalatine foramen 
(which probably transmits the descending palatine vein, palatine artery and palatine branch of 
cranial nerve V) occurs at the posterolateral corner of the palatine (as seen only on the left side 
of YPFB Pal 6105). This foramen is clearly seen in anterior and posterior viexvs, while in ventral 
view only the anteriormostedge is visible since the foramen is tucked above the postpalatine torus 
and opens vertically. The posterior surface of the postpalatinc torus is ornamented by three spines: 
a lateral one on either side at the media! edge of the postpalatine foramen and a medial one at the 
contact of the two palatines. These spines give the ventral surface of die choanal orifice a broad 
m-shaped appearance. Immediately anterior to (lie torus and situated medially on each palatine is 
a pair of shallow parallel sulci (palatine sulci) which run anteriorly and probably extended to a 
middle palatine foramen as occurs in living Didelphis , although this foramen is not preserved in 
specimens of Pitciulelphys. The anterior extent of the palatine is not fully preserved and the 
presence or absence of vacuities cannot be securely established, although if vacuities were present 
they were small. Given the relatively complete palate of YPFB Pa! 6105. and the apparent absence 
of vacuities, the palate is shown as solid in the reconstruction (Fig. 12). 

Part of the orbital or latcro vertical process of the palatine is preserved in YPFB Pal 6105 (left 
side), 6108 (left side) and 6110 (right side) (Fig. 15). A large elliptical sphenopalatine foramen, 
which transmits the sphenopalatine artery and nerve into the naso-pharyngeal space above the 
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palate, has a posteriorly directed opening within the vertical surface of the palatine at the 
posteromedial edge of the orbit just dorsomedial to the postpalatine foramen. 

The palatine makes a small contribution to the medial edge of the orbital floor, extending 
medially in sutural contact with the maxilla from the lateral side of the postpalatine foramen, then 
almost directly anteriorly into the ventromedial corner of the infraorbital canal (Fig. 15). Its 
contact with the lacrimal is a broad suture extending ventrally from the anterior point of contact 
with the frontal to the lower edge of the infraorbital canal, where it turns sharply anferodorsally 
into that canal. Dorsally the palatine has a broad and nearly horizontal contact with the frontal; this 
suture extends posteriorly to a point above the sphenopalatine foramen where it bends 
venlroposteriorl y to a point just posterodorsal to that foramen, then extends posteriorly along the 
ventrolateral edge of the orbitosphenoid, and has a small contact posteriorly with the anterior edge 
of the basisphenoid (as seen in YPFB Pal 6105, left side) (Fig. 15). 


Lacrimal (Figs 12 and 15). — This bone forms the anterior rim of the orbit. In dorsolateral 
view, the large facial wing of the lacrimal has a distinct quarter-moon shape. Viewed postern Laterally 
(Fig. 15), (he lacrimal has a rectangular shape (long axis is dorsovenlral) and contacts the maxilla 
anlerotforsally. anteriorly and ventrolateral ly. the jugal anlero ventrally, the frontal dorsoposteriorly. 
and the palatine ventroposteriorly and ventromedially. The large elliptical shaped lacrimal 


Fig, I 2, — Pucadelphysandinns. Reconstruction ofthe skull (A, dorsal; B. right lateral; C ventral views primarily on YFFR 
Pal 6105 tholotypc). Abbreviations: AS. alisphenoid; BO, basioccipiia]; BS. basisphenoid; daf. dorsal atlantal facet:doe. 
dorsal occipital condyle; entocuroiii] foramen ('-anterior carotid foramen, carotid canal): Ft), cxoceipital; cop, 
cxoccipttuE process: elf. ethmoid foramen, lie. fossa for lower canine; fm t foramen magnum; lb. foramen ovale: FR, 
frontal: fr, foramen rotuitdtim: gf* glenoid fossa; if. incisive foramen: ifc. infraorbital canal: JLL jugaS: js. jugular sulcus; 
LA. lacrimal: le. Ianib.dddal crest (=ftuchal crest): If. lacrimal forameti: lpps. lateral postpaid!ine spine; mp, mastoid 
process; mpf, middle palatine foramen; mpps, medial poslpalatine spine: MX. maxilla: NA, nasal; oof, oplie-oibital 
foramen upL supraorbital process of frontal; PA. parietal: p^f, poslglenoid foramen; PL., palatine: PMfpm), pars 
mastoidea of pet ro mastoid (-mastoid s,s *); PMlppI, pars petrosa of pclromasioid i=petrosat s.s.): PMX, prcmasilla: 
pogps, postglenoid process of squamosal; PP. postpariml; ppL postpalatinc foramen; ppL poslpalatine torus; prgpj 
preglenoid process of jugal; prups. pre glenoid process of squamosal: ps, palatine sulcus; pie, pterygoid canal: pt.L 
post temporal foramen: pip, posuympanic process: pzf, poslzygomatic foramen: sc, sagittal crest; SO. supraoccipital; sof. 
supraorbital foramen; SQ, squamosal: ssf, suhsquamosal foramen (=iiiipramealal, postsquamosal). 

FfG. 12, —Pucadelphys and i nits. Ificiwsiinttlott du crane (A. vue domtle: B. im' laterals drain 1 : C, vue ventrak) principahment 
d'apres YPFB Pal 6105 (hafuiype i. Ahreviatians: AS, alispherwtde; BO. has face ipiuii; BS hasisphmoide; daf face tie 
at Ian tale donate: doc, condyle occipital dtirsal; if foramen entocarondhu i -foramen carol idien ante near, canal 
mroruihn); FO, exoccipttal; cop. processus ex occipital; ei f foramen ethmidien; flc, lime pour la canine infirm are; 
fin, foramen magnum; jo. foramen ovale; FR, frontal; Jr, foramen rotundum; gj, fosse glenotde; if foramen inets if: ifc, 
canal infra orbit a ire; Jtf jugal: js< si lion j^ulaire; L\, lacrimal; lc, Crete iambdatdc (terete nuHiahl; If foramen 
lacrimal; lpps. epinc poslpalatine lute rah: nip, processus mastouh; mpf foramen paint m woven; mpps, epinc 
pvxtpaltuine mediate; AfX, nmilfam; NA, nasal; oaf foramen optico-orbitaire; opf processus supra-orbiuiiie At 
frontal; PA. parietal; pgf> foramen postglenofde : /V.., palalin; PM(pml pars mmtoidea At pet rein t -mastoiefe av.O: 
PM(ppl pars petrosa At pelromastoYde f=petmi\ s.s.); PMX , prcma.villairc; pogps. processus postglenotde du 
squamosal; PP. post parietal: ppf, foramen posipalatin; ppt, toms pmtpakitin; prgpj processus preghnoYde At jugal: 
pn*ps r processus / ) rcgfe.no ide Jit squamosal; pa, silloti pcilctlm; pic. can a l ptcrxgoidc ptf fomnicn post temporal, pip, 
processus pasinnipaniquc; pzf foramen posrzygomatique; sc, rrete saga tale; SO. supmoecipital: soj. foramen 
sifpioorhitaire: SQ, squamosal: ssf foramen snhsquamostii {—supmrneatal, posisquamosul h 


Source. MNHN Paris 
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Fjc. 13. — Piicattelpi tys and in i t.s . A-C. skull wilh attacked mandible of'YPFB P:il 61 10 (A, dorsal: tt, ventral; C, rig hi lateral views). 
Steret>phoi[)s X 2.5. 


Fi( f , U. — Pueadelphys and inns, A-C crane el numdilmte en connexion d'YPPFB Pal 6110 {A, me dormle: B, vae vent rate; C, 
vile Literale dmiieX Photos slmttscnptques X 3 , 5 . 
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foramen, which transmits the naso-lacrimal duct, opens within the orbit and has twodistinct canals 
of subequal size situated one above the other along a dorso medial-ventrolateral axis (Fig. 15). 

Jugal ( Fig. 12). — Complete jngals are preserved in YPFB Pal 6105 ( right side) and 6471 (left 
side). This is a large bone which contributes to the formation of about 60% of the zygomatic arch. 
Anteriorly it has a broad diagonal contact with the maxilla, a small contact with the lacrimal 
anterodorsally-anteromedially, and it forms the ventral edge of the orbital rim. From its contact 
with the maxilla il arcs in a posterolaterodbrsal direction, being dorsoventrally deep and 
transversely narrow. At its dorsal and lateral greatest extent, which is approximately lateral to the 
interorbital constriction, the jugal makes contacl with the zygomatic process of the squamosal 
dorsally and continues ventraily along it to the anterolateral edge of the glenoid fossa where it 
forms a large preglenoid process. In lateral view, the ventroposterior spine of the jugal and dorsal 
zygomatic process of the squamosal have an elongate diagonal contact (Fig. 12). A shallow sulcus 
occurs along the ventrolateral edge of the jugal contribution to the zygomatic arch marking the 
point of insertion of the masseter muscle (Fig. 12). The greater part of the zygomatic arch, 
including the jugal and squamosa) contributions, is suhequal in breadth and depth. 


Frontal (Figs 12 and 1 5 ). — This bone covers all of the medial 30% of the dorsal area and 
most of the medial 30% of the lateral area of the cranium. Anteriorly it has a distinct W-shaped 
contact w ith the nasals (Fig. ! 2), and lateral to this is a small distinct contact with the maxilla. The 
lacrimal contact is broad and nearly horizontal dorsally, and broad but nearly vertical laterally. 
There is a broad nearly horizontal contact with the dorsal edge of the orbital part of the palatine, 
and a small wedge of the frontal extends ventraily and separates the palatine and orbitosphenoid 


Source ; MNHN. Pans 
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Fig. 14. — Pucadeiphwumdinus. Skull WjLft attached mandible of YPFB Pa! 6107 ( A, dorsal; B, vcniral; C4 posterior. LX lei's lateral 
views), Stcreiipholo.s X 2.5. 

Fia 14. Pucadelph-ys and! mis, Crane et maruiibitie en connexion d'YPFR Pal 6!07 {A f vac dm sale; /?. vue vetitrafe: C rue 
poxterieure; B. vuir htferah gauche L Photax stereoscopuftws X 2.5. 


(Fig. 15). The frontal contacts the small orbital contribution of the orbitosphefloid along its 
anterior and dorsal edges. More posteriorly, the frontal has a broad arcuate contact with the 
aiisphenoid. ventral to the interorbital constriction on the anterior surface of the cranium. The 
contact with the parietal extends from the lateral surface of the anterior part of the cranium in an 
almost straight line dorso-dorsoanicriorly. just posterior to the interorbital constriction. A weak 
supraorbital process is sometimes present (as in YPhB Pal 6105 and 6108) on the anterolateral 
surface of the frontal, and a small anteriorly opening supraorbital foramen consistently occursjust 
ventral to this process within the dorsal edge of the orbit. A well developed oval-shaped ethmoid 
foramen opens anteriorly at the frontal-alisphenoid-orbitosphenoid contact. The anteromedial 
and dorsal wall of this foramen are formed by the frontal, the posterolateral wall by the 
aiisphenoid. the ameroventral wall by the orbitosphenoid, anti the posteroventral wall by the 
basisphenoid as seen in YPFB Pal 6105 (right side) and 6108 (Jell side). 

Pakij-tal (Fig. 12). — The large plate-like parieiais cover the greater part of the dorsal and 
dorsolateral surfaces of the cranium. They have a broad ventroposteriorly directed contact with 
the frontal, a broad continuous contact with the dorsal parts oi tiie aiisphenoid and squamosal 
ventrally, and a broad convex contact with the postparietal posteriorly. The outer walls of the 
parieiais are distinctly convex, reflecting the presence of well developed cerebral hemispheres, 
and are ornamented dorsomedially by irregular scars lor attachment of the temporalis muscle. 
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These scars are seen to some degree in all specimens, but are most prominent in YPFB Pal 6105 
in which a distinct scar-region on the left parietal extends from the frontal-parietal suture directed 
toward, but not reaching, the postparietal-squamosal suture. On the right parietal of YPFB Pal 
6105 and in all other specimens these scars are less distinct and are concentrated on the 
dorsomedial area of this bone. 


Postparietal (Figs 12 and 17). —This bone is tightly fused with the parietal and the suture 
is often difficult to identify. Nevertheless, careful study shows that the contact with the parietal 
is broadly concave and extends ventrally where it meets the dorsoposterior end of the squamosal, 
then turns sharply posteriorly having a nearly horizontal suture with the squamosal. A distinct 
suture separates the postparietal from the underlying supraoccipital (Fig. 17). The postparietal 
overhangs the entire dorsal edge of ihe supraoccipital so that the lambdoidal crest is formed 
entirely by the posterior edge of the postparietal. Viewed posteriorly the postparietal also overlaps 
the dorsolateral edge of the pars mastoidea of the perromastoids (Fig. 17). 

O r< a itos ph enoi d t Fig. 15). — Parts of this bone are preserved only in YPFB Pal 6105 and 6308, 
Viewed laterally this bone makes a small contribution to the posteroventral base of the orbital 
region. It contacts the frontal anteriorly and dorsally, the palatine anteroventrally and the 
basisphenoid posteroventral ly. In ventral view it forms the posteromedial roof of the choanal 
orifice, the posterolateral parts of the roof are formed by small wings of the palatine. Within the 
orbit (Fig. 15) a large ovoid, anteriorly opening optic-orbital foramen (which transmits cranial 
nerves 11. Ill, IV, V1. VI. the ophthalmic artery, and a vein which drains the eye to the cavernous 
sinus.) has the entire medial wall formed by the orbitosphenoid, the anteroventral edges by the 
palatine, the anterior and dorsal edges by the frontal, and apparently the alisphenoid posterolaterally 
although the alisphenoid is broken in this area in all specimens. The posterior side of the 
orbitosphenoid has a distinct convex saddle-shaped surface marking the confluence of the left and 
right optic-orbital foramina; the posterodqrsal part has the form of laterally projecting horns which 
separate the upper edge of the optic-orbital foramen from the lower edge of the more dorsally 
situated ethmoid foramen. 

Alisphenoid {Figs 12. 15, and 19). — This bone forms most of the anterior ventrolateral parts 
of the ventral surface of the cranium. Anterodorsally it has a broad horizontal contact with the 
frontal (Fig. 15); posterodorsally abroad horizontal contact with the parietal; posteriorly a broad 
convex contact with the squamosal, which continues ventrally toward the base of the zygomatic 
process, passes anteriorly around it, continues on the ventral surface of the skull and reaches the 
posterolateral corner of the foramen ovale (which transmits V3, and possibly the major transverse 
sinus of the external jugular vein; see below) (Figs 12 and 19). The alisphenoid forms the anterior 
rim of the foramen ovale and, at its contact with the petromastoid, lateral to the position of the small 
medial lacerate foramen (which is located at the junction of the basisphenoid-basioccipital- 
petromustoid-alisphenoid; sen.su MacIntyre, 1967) it extends anteriorly In light sutural contact 
with the basisphenoid, bisects the entocarotid foramen (alisphenoid forms lateral rim, basisphenoid 
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medial rim), which transmits the internal carotid artery and a small vein from the inferior petrosal 
sinus, and continues anteriorly to the anterior edge of the basisphenoid. The anteroventral extent 
of the alisphenoid is not preserved in any specimen, but it probably formed the posterolateral rim 
of the optic-orbital foramen as in Didelphis , and based on the size and breakage surface 
anteroventrally there was clearly a wing-like structure wh ich extended anterolateral I y toward the 
lateral edge of the choanal orifice (Fig. 15). On the anteroventral surface, immediately lateral and 
parallel to the basisphenoid contact, is a sulcus marking the position of the pterygoid canal (for 
the pterygoid or vidian nerve: see Jollie, 1962: 44) or sutural contact with the pterygoid (seen in 
YPFB Pal 6105). This bone is not well preserved in any specimen. The pterygoid canal can be 
followed posteriorly to the anterolateral edge of theentocarotid foramen. Immediately lateral and 
slightly dorsal to this canal is a large ovoid, anteriorly opening foramen rotundum (seen only in 
YPFB Fat 61 OS) which transmitted the maxillary branch of the trigeminal nerve, V2 (Jollie, 1962: 
44) (Figs 12 and 15). 



Fig. 15. — Pucadeiphys tmdiims. Detail of tell orbital region based primarily on YPFB Pal 6105 (hololypcl. Abbreviations: AS, 
alisphenoid; BS. basisphenoid; co, choanal orifice; etf. ethmoid foramen; fr. foramen rotundum; FR. frontal: ife, 
infraorbital canal; LA, lacrimal; If, lacrimal foramen: mpps, medial poslpolaiine spine; MX. maxilla; NA. nasal; oof. 
Optic-orbital foramen: opt, supraorbital process of frontal; OS, oibitosphenotd; PA, parietal; PL, palatine; ppf. 
postpalatine foramen; sof, supraorbital foramen; splif, sphenopalatine foramen. 

Fig. 15. - Pucadeiphys andittus. Dentil tie la region orbitarre gauche principalemcnt d’apres YPFB Pa! 6105 (holotype). 
Alleviations; AS, aiispheHoide: BS, bassisphendide : co. orifice de hi choane; elf, foramen ethmotde: fr, foramen 
rotundum; FR, frontal: ife, canal infraerbUaire; lA. lacrimal; If foramen lacrimal: mpps, epine postpaiatute mediate: 
MX, maxiilaire; NA, nasal: oof .foramen optico-orbltaire; opf processus supraorbiiairc du frontal; OS. orbitospltenoide; 
PA, parietal, PL, paiatin; ppf foramen poslpalam; sof foramen supraorbitatre; sphf, foramen sphenopalaiin. 
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Basi.sphf.nqio (Figs 12andI5).—As-seen in YPFB Pa! 6105 and 610S. this is an anteroposteriorly 
elongate bone which is broadest posteriorly along its contact with ihe basioccipital and narrows 
anteriorly to its contact with the orbitosphenoid; sutures with the basioccipital and orbitosphenoid 
arc distinct. Laterally it has broad contacts with the alisphenoid: these bones arc tightly fused and 
the suture is, in places, difficult to identify. The posterior surface of the basisphenoid is convex 
ventrally, while anterior to theentocarotid foramen it is flat. The anterior end of this bone in YPFB 
Pal 6105 is broken transversely, a feature which appears to represent natural breakage but which 
may mark sutural contact between the basisphenoid (s.s.) and a smaller presphenoid. However, 
this bone is quite similar to that in Didelphis and appears to be tile basisphenoid which is simply 
lacking its anterior end. 

Squamosal (Figs 12.17 and 19). — This bone has a broad concave contact with the aiisphenoid 
anteriorly; abroad and nearly horizontal contact with the parietal dorsoanteriorly and dorsomcdially, 
and with the postparietal dorsoposteriorly; an irregular vertical contact with Ihe lateral surface of 
l he pars mastoidea of ihe petromasioid posteriorly; and ventrally its contact with the petromastoid 
extends anteromedial ly from the lateral base of the mastoid process, passes along the lateral edge 
of the fossa incudis and epitympanic recess, and joins the short transversely oriented squamosal 
suture at the posterolateral corner of the foramen ovale. 

In ventral view the glenoid Ibssa is deep and transversely elongate; a large postglenoid 
process ol the squamosal occurs along its posterior edge and attains its greatest ventral extension 
medially; a much lower, but still distinct, preglenoid process of the squamosal occurs along the 
anteromedial edge of the fossa and a large preglenoid process of the posterior edge of the jugal 
borders the fossa anterolateral ly. 


Three foramina perforate the squamosal externally. The first and smal lesi is a postzygomatic 
foramen on the posterobasal surface of the zygomatic arch dorsal to the deepest point of the 
postglenoid process (Fig. 17). This foramen apparently transmits a vein from the squamosal root 
ol the zygomatic arch to the sphenoparietal emissary vein (Archer, 1976a). It is usually single, 
transversely elongate, and opens laterally; however, it is sometimes double (as in left side of YPFB 
Pal 6105) with a second smaller opening set dorsomedially to the primary one. 

The second foramen is the subsquamosal which is large, oval, and opens posteroventrally 
aL the base of the zygomatic arch just dorsal to the external acoustic meatus (Fig. 12). It is most 
clearly seen in posterolateral view, while in dorsal view it is obscured bv a posterior swelling of 
the squamosal along its upper edge and a similar but smaller swelling occurs along its lower edge. 
Thus, this foramen opens into a shallow postzygomatic depression in the squamosal. Externally 
the foramen opens within the squamosal, while internally (as seen in right side of YPFB Pal 6110) 
the medial side of the canal that it transmits is formed by the petromastoid and the lateral side by 
the squamosal (Fig. 19). This foramen transmits ant artery from the postglenoid foramen onto the 
parietal area of (he cranium which supplies the temporalis muscle, and a vein from the parietal area 
to the sphenoparietal emissary vein, which exits through the postglenoid foramen ( Archer 1976a - 
Wible. 1990). 
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The third and largest is the postglenoid foramen which is ovoid in shape and opens 
ventrolaterally along the posteromedial edge of the postglenoid process (Figs 12 and 19). The 
course of the vessels this foramen transmits continues as a groove beyond the opening toward the 
ventromedial edge of the postglenoid process. The external opening occurs solely within the 
squamosal, while internally (as seen on the right side of YPFB Pal 6110; Fig. 19) at a level 
corresponding to the dorsal rim of the external acoustic meatus, the media! side of this canal is 
formed by the petromastoid and the lateral side by the squamosal. This foramen transmits the 



Fig. 16. - Pucadetplm mdhius. Skull of YPFB Pal 6108 (A. dorsal: B, ventral views). Siereophoias. X 2.5. 

Fic. 16- — Pucadelphys andinus. Crane tl'YPFB Pol 6108 {A, vue dursale: 0. vue wralet Photos stereoscnphpws, A 2.5. 
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sphenoparietal emissary (which externaliy becomes the postglenoid) vein from the prootic sinus 
(Wible. 1990), and the postglenoid artery (Archer. 1976a; Wible, 1990). 

A tourth but smaller foramen, the posttemporal, opens between the squamosal and pars 
mastoidea ol the petromastoid directly posterior to the subsqtiamosal foramen and dorsal to the 
mastoid process. This foramen transmits the arleriadiploelica magna and vena diploetica magna 
(Wible, 1990) which pass through a canal bordered by the petromastoid medially and squamosal 
laterally (Fig. 21). 


Basioccirital (Figs 12.17. 19 and 21).—As seen in YPFB Pal 6105,6107 and 6470, this bone 
lias the shape of an arrow-head base and the sutures with adjacent elements are well defined. The 
hasioccipital has a broad transverse linear contact with the basisphenoid anteriorly between the 
left and right medial lacerate foramina. From these foramina it extends posterolateral I y in contact 
with (he medial surface of the pars petrosa of the petromastoid to the anteromedial corner of the 
posterior lacerate foramen, where it bends sharply medially forming a small but distinct convex 
11111 over the inferior petrosal foramen (basioccipital forms ventral and medial rims, exoccipilal 
forms ventromedial rim, and pars petrosa of petromastoid forms lateral rim) which transmits the 
intci toi petrosal sinus. On the medial side ot the loramcn for the interior petrosal sinus the 
basioccipital contacts the exoccjpital and the suture arcs posteromedial Iy to a point on the lateral 
side ol [he ventral occipital condyle. The posterior edge of the basioccipital forms the ventral rim 
ot the foramen magnum where a pair of well developed ventral occipital condyles are separated 
by a distinct U-shaped intercondylar fossa. The foramen magnum transmits most of the sigmoid 
sinus of the transverse venous system and the spinal root of nerve XI out of cranium (Dom et al., 
1970; Wible, 1990) and the vertebral arteries into cranium (Archer, 1976a). 

The ventral surface of the basioccipital has a low medial keel extending anteriorly from the 
middle of the intercondylar fossa to the basisphenoid suture; the lateral edges of the basioccipital 
are elevated surfaces extending parallel to the petromastoid suture and they mark the Door of the 
infer i oi petrosal sinus; between each of these lateral elevations and the medial keel is a broad fossa 
lor the rectus capitis muscle: the posterolateral edge ol the basioccipital. between the elevated 
venttal occipital condyles and the ventral rim of the interior petrosal foramen, is distinctly convex 
dorsally. 


Exoccihtai, (Figs 12, 17, 19 and 21). — Viewed ventrally this bone contacts the basioccipital 
medially; it forms the posterodorsul rim of the inferior petrosal foramen anteromedially; and the 
medial and posterior rim of the posterior lacerate foramen (which transmits nerves IX, X, XI and 
probably a small branch of the sigmoid sinus to the internal jugular vein) anteriorly; it also makes 
a small contact with the pars petrosa ol the petromastoid via a septum between the inferior petrosal 
and poster ioi lacerate foramina; and laterally it contacts the pars mastoidea of the petromastoid. 

Ventrally. in the large fossa just anterior to the elevated prominence of the lower rim of the 
dorsal occipital condyle, are typically three small subequal-sized condyloid foramina (Fig, 19) 
which apparently transmit branches of cranial nerve X11 as occurs in some specimens of 'Dulelphis 
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{ Jollie. 1962: 551 but may also transmit branches of the sigmoid sinus lo the internal jugular vein 
( Archer, ! 976a, fig. 213). Of these three foramina the posterior-most passes under the medial part 
of the dorsal occipital condyle; a second occurs anterolaterally between the first and posterior 
lacerate foramen; and the third occurs anterior to the first and opens either totally within the 
exoecipital just lateral to the basioccipital suture or within the suture itself. 

Viewed posteriorly (Fig. 17) the exoecipital has abroad arcuate (convex) contact with the 
pars mastoidea of the petromastoid which extends from the center of the exoecipital process 
ventral ly to the junction with the supraoccipital dorsally, where it bends sharply medially having 
a slight arcuate (convex) contact with the supraoccipital to the dorsal edge of the dorsal atlantal 
facet; medially, it forms the lateral rim of the posteriorly facing and transversely ovoid foramen 
magnum. On iLs posterior dorsomedial surface, the exoecipital has a prominent dorsal atlantal 
facet at the point of contact with the supraoccipital and a large ovoid dorsal occipital condyle 
occurs ventromedial ly. The exoecipital contributes to the formation of the medial half of the very 
small exoecipital process ventrolatcrally. The exoecipital process is delimited medially by a 
trough in the exoecipital separating it from the dorsal occipital condyle, and another trough 
laterally in the petromastoid separating it from the larger mastoid process. 



p IG j 7 , pneadeiphysandtnus. Reconstruct ion of the posterior viewed the skull and tfygornalic arches, based primarily on V Pf*B 

Pal 6105 (holotype). Abbreviations: BO, basioccipital, daf. dorsal atlantal facet: doc, dorsal occipital condyle; EO. 
exoecipital; eop. exoecipital process: r. foramen: fm, foramen magnum; icf, intercondylar fossa: JU. jugal; le. lambdoidal 
crest (=nueha! erestl: mfo, mastoid foramen; mp, mastoid process: pgf, postglenoid lorumcn; PMipm). pars mastoidea 
ol'pctroniastoid (=mastoid s.s.); pogps, posiglcnoid processot squamosal. PP, postparietal; prgpj preglenoid process ol 
lugat; ptr. posttemporal foramen; pif, post zygomatic Ibramen: SO. supraoccipital; SQ. squamosal; voc. ventral occipital 
condylc. 

/r, f - /7 _ Pucndelpliys andinus. Reconstitution tie la cue posierieure (lit crane el ties (treaties zygdmatiques pruicipalenwnl il apses 
YPb'H Pal 6105 (IwltHvpe). Ahreviciiions: BO. basioccipital; daffaceue atlamule donate; doc. condyle occipital dorsal: 
EO, exoecipital; eop. processus tf.xocLdpiml;fforanwn;fni. foramen magnum; icf. fosse intercondylienne; JU. jugal; le. 
cre'tc leanbdotde I =Crete nuchale): mfo. foramen mast,tide; mp. processus mastoXde;pgf. processus postgtinoXde; PM(pm), 
pars mastoidea th pelronmtoide (-mastaitlc s.s.); pogps, processus postglenaide tin squamosal. PP. postponed!; prgpj 
processus preglenouk du jugal; ptf foramen posttemporal; ptf, foramen paslzvgomailqtw: SO. supraoccipital; SQ, 
squamosal; voi\ condyle occipital vmimi 
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In YPFB Pa! 6105 [he distance between the outer edges of the dorsal occipital condyles is 
•S.O mm and 4.5 mm between the inner edges; the maximum breadth of ihe foramen magnum, 
dorsal to the dorsal occipital condyles, is 5.0 mm and the maximum depth is 3.0 mm. 

Scpraoccii'ital (Figs 12 and 17). — This bone occupies most of the dorsal surface of the 
occipiial plate and forms the dorsomedial rim of the foramen magnum. It has a broad contact with 
the exoccipital ventrolaterally, a broad contact with the pars masloidca of the petromastoid 
latei ally, and a hioad arcuate contact with the postparieial dorsally. As noted above, the contact 
with the latter occurs ventral to the Jambdoidal crest which is formed entirely by the postparieial. 
The occipital area is hidden in dorsal view by the postparieial extension of the lambdoidal crest. 
There is no distinct vei tical medial crest, but in Y PFB Pal 6105 the posterior surface is ornamented 
with small ridges, scars and shallow pits marking areas of insertion of the nuchal muscle (these 
features are not seen in other specimens). There are only three small foramina in the supra occipital: 
one (left and right) dorsomedial to the point of contact of the petromastoid and exoccipital : and 
asingle foramen dorsomedi ally. between the supraoccipital and postparieial below the jambdoidal 
crest at its point of contact with the sagittal crest. 

PriTROMASToin (Figs 12, 17, 19 and 21). — This is the most complex bone of the skull. For 
purposes of description it can be div ided into two principal components: the pars masloidca which 
conli ibutes lo ihe formation ot the lateral part of the occipital region and houses die subarcuate 
I ossa on the cetebellar side; and the pars petrosa which houses the inner ear in a teardrop shaped 
promontorium on the veniral side between Ihe basioccipital and squamosal, and the internal 
acoustic meatus on the cerebellar side (MacIntyre. 1972). 



F,<: - IS - ■ Ptiaideiithys mdimts. Vcnlral view of hasicranium of YPFB 6105 ihololypc). Stcreophmos. X 5. 

Fin. IS. - Pucadelphys aiulinus. Vue eentmle tie hi base du crime d'YPFB 6105 Uivlatype). Photos sterftmapfyus. X 5. 
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The pars mastoidea is best seen in posterior view (Fig. 19) where it occupies the lateral area 
of the occipital region and contacts the exoccipital ventromediaUy, the supraoccipital dorsomedially, 
the ventrolateral edge of the postparietal dorsally, and the squamosal along most of its lateral 
surface. A liny mastoid foramen typically occurs on the posterior surface of the pars mastoidca 
just lateral to the supraoccipital-exoccipital-petromastoid juncture (Fig. 17). and internally opens 
along the posterior side of the sigmoid sinus (Fig. 21). A small posttemporal foramen (scnsu 
Wible. 1990) occurs on the lateral surface of the occiput between the squamosal and the pars 
mastoidea (Figs 12 and 21;see below). A large ovoid surface facing vcntrolaterally is ornamented 
with muscle scars, and was probably the major area for insertion of muscles w hich move the head 
and neck (Figs 12 and 17). 

Viewed ventrally (Fig. 19) the pars mastoidea contributes posteromedial ly to the formation 
of the lateral hail of the very small exoccipital process and it forms all of the larger mastoid process 
laterally. The anteroventral rim at its medial-most edge is united with the pars petrosa by a narrow 
bridge of bone on the lateral side of the posterior lacerate foramen. Lateral to this bridge, the 
an tero ventral rim of the pars mastoidea forms an anteriorly directed lip which represents the 
caudal tympanic process ol the petroniastoid {scnsu Wible. 1990). It underhangs a loss a located 
between it and the posterior end of the promontorium of the pars petrosa which is called the 
mastoid epitympanic sinus (sens it Archer, 1976a; 314). Lateral to the caudal tympanic process 
of the petromastoid, is the well developed mastoid process, and along its lateral and medial 
surfaces anteriorly is the stylomastoid notch, through which the facial nerve and lateral head vein 
leave the middle ear (Wible, 1990). The lateral extremity of (he anteroventral rim of the pars 
mastoidea extends anterodorsally. up to the medial border of (he fossa incudis at the posteromedial 
extremity of the epitympanic recess, lateral to the fenestra vestibuli. 

The pars petrosa, viewed ventrally, is dominated by a large teardrop-shaped promontorium 
(=parscGchiearis) which is broadest posteriorly and tapers an teromedi ally to a point at the junction 
of the al isphenoi d - basispheno id-basiocc ipilal. 1 n lateral view the ventral border of the promontorium 
is at a level slightly dorsal to the ventral edge of the dorsal occipital condyles. The ventral surface 
of the promontorium is nearly smooth and the minor topographic variations largely reflect turns 
of the cochlear duct. 

Anteriorly, a broad shallow depression is located between the promontorium and the large 
foramen ovale; it begins at the anteromedial edge ol the large ovoid bulge of the promontoiium, 
extends anterior and parallel to the basioccipital suture, crosses onto the alisphenoid just lateral 
to the medial lacerate foramen, and passes on the alisphenoid, to the posterior edge of the 
entocarotid foramen. This depression marks the route of passage ol the internal carotid artery (i.e. 
sulcus for internal carotid artery) on its way to the entocarotid lot amen, the passage ol the internal 
carotid artery is thus situated medially (seiisit Presley. 1979). The Luge tossa lateral to this 
depression on the anterolateral surface of the promontorium is lor insertion of the tensoi tynipani 
muscle. The medial edge ol the promontorium parallel and adjacent to the basioccipital sutuie is 
elevated and rounded, a feature produced by the internal sulcus tor the inferior petrosal sinus 
which exits the basicranium through the inferior petrosal foramen at the posteromedial edge of the 
promontorium. 
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Two openings occur on the posterior surface of the promontorium. The first and smallest 
is the fenestra cochleae which is situated on the posterolateral surface of the promontory 
anterolateral to the lateral edge of the posterior lacerate foramen and opens laterally; it occurs at 
(lie ventral edge of a shallow depression, the fossula fenestra cochleae. Viewed posteriorly, this 
fenestra occurs immediately anterior to the small exoccipital process at the exoccipital-pars 
mastoidea suture, and its ventral opening is at about the same level as the medial pari of the ventral 
run of the pars mastoidea (i .e. the lowest point of the trough separating the exoccipital and mastoid 
processes). The second and larger opening is the fenestra vestibuli which accommodates the 
footplate of the stapes and annular ligament; it has an ovoid (anteroposteriorly elongate) shape, 
a length/width ratio of 1.4 based on two specimens* and occurs dorsally on the lateral surface of 
the promontorium within a shallow' depression, the vestibular fossula. In lateral view, this fenestra 
is seen at the pos terodorsal edge of the external acoustic meatus. It thus lies anterolateral anda. little 
dorsal to the fenestra cochleae, and the two fenestra are separated by a broadly rounded and 
vertically oriented swelling of the posterolateral corner of the promontorium. 


Fig. ] 9, — Pucadelphys andimis, A. reconstruction of the right side of the basicranium in ventral view, based on YPFB Pa! 6105 
fholotype) and 61 30; R, right ear region in ventral view f YPFB Pal 61 30). The foramen ovale is restored. Abbreviations; 
ac 5 aqueduct us cochleae; al, anterior lamina; AS. ali sphenoid: BO t basfoccipituit; BS, basisphenoid; d\ condyloid 
foramen; cpmv. crisia promontorii medio vert trails; ctpp. caudal tympanic process of pars mastoidea of petromastoid; doc T 
dorsal occipital condyle: earn, external acoustic meatus; ef, entocarolid foramen [^anterior carotid foramen, carotid 
canal); EG, exoccipital; top,exoccipital process;cr,epitympanie recess: f, foramen: tc. feneslra cochleae (^rotunda); fcs. 
floor ofcavum suprticochJeare; ffc. fossula fenestra cochleae; 11. fossa incudis; fo T foramen ovale; I rum, fossa for rectus 
capitis muscle: Is, facial sulcus; fslm. fossa for stapedial muscle; IV, fenestra vestibuli (=ovalis); gf, glenoid fossa; id', 
inter condylar fossa; ipf. inferior petrosal foramen (^iruernaJ jugular foramen): lape. lateral aperture of prom 1c canal; It, 
lateral trough; mes. mastoid epitympanie sinus olepi tympanic recess; mil', median lacerate foramen: mp, mastoid process; 
pc, prootie canal: pgf. postglenoid foramen; plf, posterior lacerate foramen 1-jugular foramen ): PM 1pm). pars mastoidea 
of petromastoki (-mastoid PMfpph pars petrosa of petromSstoid l=petrosa] s.sd. pogps, post glenoid process of 
squamosal, pr. promontorium of pars petrosa of pc tro mastoid: ptp, posuympartic process: pzf, postzygomatic foramen; 
slT secondary facial foramen; sica. sulcus for internal carotid artery; sips, sulcus for inferior petrosal sinus; smn, 
stylomastoid notch; SQ. squamosal; ssF. subsquamosal Foramen (=supramcataL postsquamosai}; tape, tympanic aperture 
of prootic canal: Ilf, tensor tympani fossa; vf. vestibular fossula; voe. ventral occipital condyle. 

Fto. 19. — Pucadelphys and in us. A, Reconstitution du cote droit dc fa base du crane m sue vent rale d'apres YPFB Pat 6105 
fholotype) et 67/0; 11, vue vent rate tie la region auditive drone ( YPFB Pal 61JOL Le foramen ovale est recon sti rue. 
Abreviations: ac, aqmdue cochlea ire: al. lame anterwure: AS, afisphewide; BO, hasioccipital: BS, basispluhwfde: cf, 
foramen comlylien: cpmv, crista promontorii medioventrails; ctpp. processus tympwiique caudal dc la pars mastoidea 
du peiromasto't'de; doc + condyle occipital dorsal; earn , meat aeoustique ext erne; ef foramen entoccimtklien (-foramen 
varoiidieu on ten ear canal carotid ien); EO. exoccipital; cop, process ns exoccipital; er t recess us epttympanique; j] 
foramen; fv. fenestra cochleae ( —rotunda}; fcs, plancher du cavitm supracochleare; fjc< fossula fenestra cochleae; ji, 
fossa incudis; fo, foramen ovale; frem. fosse pour le muscle rectus capitis: fs, sillon facial; fstm r fosse pour le muscle 
stapedial; fv r fenestra vestibuli (-avails}; gf, fosse gleuoide; icf, fosse mtercandyfietine; ipf foramen pel ret tx infeheur 
(=foramen jay tiled re interne}; lapt\ ouverttue lateral? du canal prootique; It, depression fair rale: tues. si tuts epitympanique 
masloide du reeessus epifympanigjue; mff, iron declare moyen; tup. processus mast aide; pc, canal prootique; pgj\ foramen 
postglenoide; pif iron dechi re paste rieur (^foramen jugidmre): PMiptrt), pars mastoidea du peiromasn.ude i —mastoide 
v. vj. PMtpp J, pars petrosa du pciromastmde t-petreux s,s.); pogps. processus fnMglenofde du spuamosal: pr. 
promonwire de la pars petrosa du pelminastoide; ptp. processus pas tty mpanique; prf. foramen posizygamatupte; sjf 
foramen facial wondmre; situ, sillon pour la carol die interne; sips . sillon pour le sinus pretreux itifericur; smn, 
echancrure stylomastoidienne; SO, squamosal; ssf, foramen subsquamosal i-suprameand, pmmpnmosal); tape , 
o over litre lympanupte du canal prootique; ttf fosse pour k muscle tensor tympani; vf fosse He vcstibulaire; voc, condyle 
occipital vent rah 


Source : MNHN , Pans 
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A large ovoid secondary facial foramen, which is the opening of the facial nerve (VII) canal 
into the middle ear, occurs just anterior to the dorsal edge of the fenestra vcstihuli. The secondary 
facial foramen opens posteriorly and a sulcus for the facial nerve (sulcus facialis) occurs 
immediately posterior to this foramen and separates the fenestra vcstihuli from the epitympanic 
recess and the lateral trough (see below); these features are clearly seen in YPFB Pal 6110 
(Fig. 19). 

The epilypanic recess is "the extension of the middle ear cavity that lies dorsal to the 
tympanic membrane and contains the mallear-incudal articulation" (Wible, 1990: i 88), (see also 
Vander Klaalav, 1931:73; and Archer. J 976a; 226 ). It is also called the fossa capitis mallei. The 
posterior extremity of the epitympanic recess is a deep and narrow pit where (he ligament of the 
crus breve of the incus attaches: it is the fossa incudis or fossa crus breve incudis. In Pucadelphys , 
the epitympanic recess is an oblique, slightly concave depression in the roof of the tympanic 
cavity, approximately three times longer than wide, and bordered laterally and medially by thin 
bony rims. It is limited anteriorly by the squamosal atthe anterior edge of the postglenoid foramen. 
The lateral rim of the epitympanic recess forms the medial wall of the postglenoid foramen (this 
is clearly seen on the right side of YPFB Pal 61 IO).The fossa incudis is a small pit located at the 
posteromedial extremity of the epitypanic recess. 

The lateral trough is a well developed anieroposieriorly elongate slit that opens medially just 
lateral to the secondary facial foramen. It is formed by a depression in the petromastoid 
overhanging the medial rim of the epitympanic recess as clearly seen on the right side of YPFB 
Pal 61 10 (Fig. 19). In the posterior end of the lateral trough is a small foramen which represents 
the tympanic aperture of the prootic canal which connects the lateral head vein (vena capitis 
lateralis: Archer, 1976a: 302: Wible, 1990) to the prootic sinus (Fig. 19). The prootic canal has 
a lateral opening within the petromastoid ( lateral aperture of prootic canal) into the postglenoid 
canal (as seen on left side of YPFB Pal 6! 10) where the lateral head vein joins with the prootic 
.sinus at its juncture with the sphenoparietal emissary vein (Fig. 21). 

A small fossa for the origin of the stapedius muscle (fossa stapedius or fossa muscularis 
minor) occurs on the medial side of the lateral part of the stylomastoid notch and dorsal to it, just 
posterolateral to the fenestra vcstihuli, posterior to the sulcus for the facial nerve. The fossa is 
shallow, dorsoventrally elongated, and faces medially. It is backed on to the fossa incudis 
(Fig. 19). 

A tiny anteriorly directed opening foramen occurs on the lateral side of the fossa for the 
tensor tympani muscle, adjacent lo the promontorium between the secondary facial foramen and 
the foramen ovale (Fig. 19). This foramen leads into a passage which joins with the posterior end 
of the facial canal within the petromastoid. 

Two tiny openings occur in the posteromedial wadi of the petromastoid, within the posterior 
lacerate foramen, which connect with the vestibular cavity {Figs 19. 21). The first is die 
aquacduetus cochleae which transmits the perilymphatic duet and a vein; it is situated in a vertical 
sulcus just dorsal to the outer opening of the posterior lacerate foramen within the jugular sulcus, 
on the medial side of the bridge joining the pars mastoidea and pars petrosa. Viewed posteriorly 
this opening is at about the same level as the dorsal rim of the fenestra cochleae. The second 
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opening is the aquaeductus vestibuli which transmits a vein and the endolymphatic duct. It is a 
small vertical slit deep within the posterior lacerate foramen, dorsal to the aquaeductus cochleae, 
on the anterior side of the jugular sulcus at a level corresponding to the lower edge of the subarcuate 
fossa posterior to the crus commune (Fig. 21); it opens posteriorly on the back surface of the broad 
crista separating the subarcuate fossa and jugular sulcus. 

The cerebellar surface of the petromastoid consists principally of a large broadly ovoid 
central body oriented dorsolaterally-ventromedially, with two large openings (Fig. 21). The first 
opening, the subarcuate fossa, is the more dorsoposterior of the two and is a deep spheroidal pocket 
which opens medially; it houses the paraflocculus of the cerebellum. The second opening, the 
internal acoustic meatus, is more venlromedially located and is separated from the subarcuate 
fossa by a broad horizontally oriented septum of which the posteromedial parr is the crus 
commune. The interna! acoustic meatus is a broad shallow opening containing two deeper pits 
separated by a low transverse septum. The larger of these pits is the foramen acusticum inferius 
which is set posteromedial to the other and serves for transmitting two branches of the 
vestibulocochlear nerve (VIII); it has a fusiform shape and opens dorsomcdially. The smaller of 
the pits is the foramen acusticum superius which is set anterolateral to the first and is a vertical 
slit which opens posteromedial I y and a little ventrally; it transmits the facial (VII) and branches 
of the vestibulocochlear ( VIII ) nerves. The ventral rim of the internal acoustic meatus opens onto 
a large anteromediaily projecting platform, which is rounded and thickened anteriorly to form a 
divide which separates, on the one hand a broad medially directed sulcus leading from the foramen 
acusticum inferius on its posterior side, and on the other hand a smaller more anteriorly directed 
and dorsally situated sulcus running from the foramen acusticum superius on its anterior side. 



Ra 20. — Pitcarfeiphvs tvuiinus. View of the cerebellar (dorsomedial) surface of p&ffittmroid of YPFR Pul (>470. Siereophoios, X 5. 

FfO. 20. — PiiCiidelphys andinus, Vue tie la surface cenhellaire idorsp-tnediale} dtt petromastoYde dc YPFB Pal 6470 Photos 
stereoscopiques, X 5. 
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Four principal sulci surround the central body of the peiromastoid on its cerebellar surface 
(Fig, 21): I) Along the ventromedial edge is an elongate sulcus fpr the inferior petrosal sinus which 
is bordered dorsal Iy by the crista promontorii medioventralis. This sinus connects “the venous 
sinus (sinus cavernosas t encasing the pituitary gland and optic chiasma with the internal jugular 
vein just before it emerges from the inferior petrosal foramen" (MacIntyre. 1972: 291). 2) 
Posteroventrally, is a shallow and nearly vertical sulcus for the jugular sinus. 3) Posterodorsaily 
is a small pocket representing the sulcus for the sigmoid sinus. A tiny medially opening foramen 
in the deepest pari of this sinus extends laterally and apparently connects with the canal from the 
small foramen in the dorsopOsterior end of the sulcus for the prootic sinus (see below). There is 
also the cerebellar opening of the mastoid foramen lor the occipital emissary vein. 4) Along the 
dorsolateral edge is an elongate sulcus for the prootic sinus, a primary tributary of the lateral head 
vein, which is walled by the squamosal laterally and by a crest of the peiromastoid medially. 

Anterol literally to the crista petrosa is a large depression in an anterdorsally project!ng wing 
of the petromastoid for part of the temporal lobe of the cerebrum and the trigeminal (=gasserian 
or .semilunar) ganglion of the trigeminal nerve (V). In otherdidelphids the trigeminal ganglion lays 
on the alisphenoid and no anlerodorsally projecting wing is observed. At the anteromedial edge 
of this depression along the lateral surface of the crista petrosa is a small foramen which opens 
ameromedially into a groove (seen clearly in YPFB Pal 6107 and 6470): this is the hiatus Faliopii 
which transmits the greater petrosal nerve, a branch of the facial nerve (VII). The anterolateral 
wing makes an extensive contribution to the floor of the middle cranial fossa (Fig. 21) and the 
internal side ol the lateral wall of the braincase (the lateral side is formed by the squamosal and 
the alisphenoid: it apparently represents (he relic ofa reduced anterior lamina of the petrosal (sensu 
Crompton & Jenkins, 1979: 71. figs 3-5B, C) (see below for justification and discussion). In 
ventral view, an irregular contact is clearly seen between the anterolateral border of the 
promon tori urn and the flat shelf which forms the posterior edge of the foramen ovale in YPFB Pal 
6105 (Fig. 19). This portion probably represents part of the anterior lamina. The anterior lamina 
is covered laterally by the squamosal and the alisphenoid. its uncovered portion, visible in ventral 
view ol the skull, lies medial to the squamosal. It forms the posterior rim of the foramen ovale, 
extending from the squamosal suture laterally across the anterior surface of the promontorium as 
a broad uneven ledge to the alisphenoid contact lateral to the medial lacerate foramen. 

On thelateral (squamosal) side of the petromastoid(Fig. 21} isabroad shallow anteroventrally 
directed sulcus which transmitted the prootic sinus along ils greater length and the sphenoparietal 
emissary vein ventral ly. The lateral aperture of the prootic canal occurs at the anteroventral end 
of this sulcus and this aperture approximates the boundary between the prootic sinus (dorsally) 
and sphenoparietal emissary vein (ventrally). A small anteriorly directed opening foramen occurs 
dorsally on the peiromastoid, just posterior to the sulcus for the prootic sinus. This foramen 
transmits a branch of the prootic sinus posteriorly within the pars mastoidea, and the canal 
apparently unites medially with the small foramen in I he dorsal end of the sigmoid sinus (Fig. 21}. 
A small shallow .sulcus unites this foramen with the dorsoposterior edge of the sulcus for the 
prootic sinus (Fig. 21). 


•Source: MNHN, Pans 
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Fig t 21 — Pucadelphys andinus. Details ofpetromasioid (A, cerebellar or dorsomedial surface; B, squamosal or lateral surface), 
based on YPFB Pal 6470, Abbreviations: at\ aquaeductus cochleae; al, anterior lamina; av H aquaeductus vestibuli 
(^endolymphatic foramen); HO, basi occipital; ec T crus commune; cf, condyloid foramen; cp, crista petrosa; epmv, crista 
promontorii mediovenlnilis. EG, exocdpital; f, foramen; fai. foramen acusticum infenus (-area cochleae); las. loramen 
acusticum superius f-aren Facialis); fc. fenestra cochleae (=rcnunda); ftg, fossa for trigeminal ganglion: IV, fenestra 
vestibuli (=ova]is); hF. hiatus Fallopii; iam, internal acoustic meatus: tpL inferior petrosal foramen (=imemaf jugular 
foramen); js, jugular sulcus; lape. lateral aperture of prootic canal; mfo* mastoid foramen: mlf, median lacerate foramen; 
mp, mastoid process; pit- posterior lacerate foramen (-jugular foramen): PM* petromasiafd: pr, promomnrium of pars 
petrosa of pciromasLoul; pin. posucmporal notch: saf, sub arcuate fossa (-floccular, paralloccujar fossa); sdw sulcus for 
diploetic vessels; sips, sulcus for inferior petrosa! sinus; smn. stylomastoid notch; SO, supraoccipilal: sps. sulcus for 
prootic sinus; SQ, squamosal; ssev, sulcus for sphenoparietal emissary vein; ssn. subsquamosal notch; ,sss« sulcus for 
sigmoid sinus: tape, tympanic aperture of prootic canal; Ilf, tensor tympanr fossa. 

Fig. 21. — Pucadelphys andinus. Details du pcUomastoide (A. face cerebeUaire an darso-m edict le: B f face squamosal# on 
iate rule l d 'op res YPFB Pal 6470. Ahrcviatians: ac. aquaeductus cochleae, al. lame anterieure; av, aquaeductus vestibuli 
{= foramen endolymptuitIque}; BO. basioccipitcd; cc. crus commune; cf foramen condylien; cp ■„ crista petrosa; cpmv t 
t ■ ns ta p rot riant orii n ? ed in vent m I is; EG t xaccipita f; f fo t am en; fa i t fa ran ia i aci istici i n i infer it ts (^a rea cod ilea e}; fas. 
fo rat nen ac list tcum superius (—a rea facia i is); fc , ferns i ra cod iteae rat u n da); fig. fosse pour le gang l tor ? / rig et n it ja l; 

jv. fenestra vestibuli (-avails); hF. hiatus Fallopii; iam. meat a uditif interne; ipf foramen pet reus mfcneitr (-foramen 
jugulaire interne): js t sillon jugulaire; tape, ouverture lateraie du canal progiique; mfcp foramen tnasioide; mlf iron 
declare mover; mp. processus mast aide; ptf, mm deed ire posted eur (^foramen jugulaire); PM. pet rooms 1 aide; pr, 
proniontoire de la pars petrosa dtt pdromastohle; ptn , echancrttre posliemparale; saf. fossa suharcuata t- fosse 
floccukntr ou paraflocuhire); sdw sillon pour les \ •atsseaux diplaeiiques; sips, sillon pour le sinus petreux injjetrimir; smn, 
h:hancntre stylomastoulienne; SO. sitpraoccipital; sps, sillon pour fc sums proohque; SQ. squamosal; ssev. sillon pour 
la seine emLmiirc sphenoparietale; $sn> eciumeritre subxqmmosale; sss t sillon pour le shuts sigmotde: tape , ouverture 
tympanic/tie du canal proohque; ttf fosse pour le muscle tensor tvmpani 

A less well defined sulcus extends posteriorly from the sulcus for the sphenoparietal 
emissary vein along the ventral edge of the pars mastoidea. then bends dorsoposteriorly. This 
sulcus apparently transmitted the arteria diploetica magna and vena diploetica magna (sensu 
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Wibll. i 990) which passed through the post temporal foramen at the postiemporal notch. The vena 
diploetica magna united with the sphenoparietal emissary vein at a point level with the lateral 
aperture of the prootic canal. The sphenoparietal emissary vein and arteria diploetica magna 
passed ventrally and exited the skull through the postglenoid foramen (Wible, 1990). 

Ectotympanic. - There is no evidence of an ossified ectotympanic (the bone which supports 
l he ty m panic membrane) nor are there facets in the ear region which marked the site of attachment 
of this bone. 


DISCUSSION 


The comparison of the skulls of Pucadelphys andimts is difficult in spite of the good 
preservation of the remains. As a matter of fact, there is no described skull of fossil marsupials 
from the Cretaceous, and the skull o f May / t testesfe rax from the early Paieocene ofTiupampa, with 
which P. andimts could reasonably be compared, is only known by a preliminary description 
(Muizon, 1994) and its thorough study is under progress by one of us (C. .VI.L However, two 
unde scribed probable metatherian skulls from the late Cretaceous of Mongolia have been 
mentioned in the liliterature. Kielan-Jaworowska & Nessov (1990) referred to the Metatheria a 
complete deltatheroidan skull well known as the Gui lin Tsav Skull and Trofimov & Szalay( 1993) 
mentioned the skeleton of a Monodelphis scafaps-s ized Asiadelphia from the Barun Goyot 
Formation of Mongolia. Another specimen, known from the middle Paieocene of Sao Jose de 
Itaboraf (Brazi I). belongs to a polydolopid and consequently cannot be used for a comparison with 
a didelphid; furthermore, its very poor state of preservation does not permit reasonable compari¬ 
sons. However, several well preserved skulls (or partial skulls) of primitive mammals are known 
from the Jurassic and the Cretaceous. The most import ant are: morgahucodontids [Morganucodon, 
(Kermack, 1963:and Ke&mack etui, 198! )1 .Gohicoiwdon (Jenkins&Schaff, 1988), Sinoconodon 
(Crompton & Luo, 1993), docodonts [Haldanodon (Lillegraven & Krusat, 1991)], several 
multituberculates. [among others: Kamptobaatar and Sloanbuatar (Kielan-Jaworowska, 1971), 
Caiopsbaatanmd Chuisunbaatar ( Kielan-J aworows ka, 1974). CatopsaUs ( Kielan-Jaworowska 
& Sloan. 1974). Ktyptobaatar and Tugrigbaatar ( Kielan-Jaworowska & Dashzevbg, 1978). 
Nemegtbaatar, (Kielan-Jaworowska et ah, 1986)]. eupantotheres [Vincelestes (Bonaparte & 
Rougher. 1987: Rougier & Bonaparte, 1988: Rougier et a /., 1992: and Hopson & Rougher, 
1993)], deltatheroidans [Deltatheridium ( Kielan-Jaworowska, 1975: a partial skull only) and the 
Gurl i n Tsav skull, ( Kjelan-J a worowska &, Nessov. 1990)], and eutherians fAsioryctes , Banmlestes , 
Kemudestes and Zakimbdalestes ( Kielan-Jaworowska, 1981: 1984; Kielan-Jaworowska & 
Trofimov. 1980)]. Although not directly related to Pucadelphys they are extremely useful for 
determining the primitive features of the genus. The skulls of Tiupampa ( Pucadelphys and 
Mayulestes) are the oldest known undoubted marsupial skulls and, in the future, they will represent 
the best sample for the study of primitive marsupials. Pucadelphys is also one of the oldest known 
didelphids and its leeth can be compared with the abundant dental remains from the "middle” 
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Paleocene of Itaboraf which were revised by Marshall (1987). Consequently, the discussion will 
be divided into two sections. The first section will compare the teeth of Pucadelphys to those of 
the Paleocene didelphids of Itaboraf and of the late Cretaceous marsupial dental remains of North 
America related to the Alphadon group. The second section will consider the major cranial 
characters of Pucadelphys and. by comparing them to the available skulls of Mesozoic mammals, 
we will try to determine their phylogenetic state and polarity. 


Dental Comparison. — Among all the fossil didelphids known in the lower Tertiary of South 
America, Stembergia itaboraiensis from the middle Paleocene (Ituboraian) of Sao Jose de Itaboraf 
(Brazil) is the closest to P. andinus with respect to size as well as to tooth structure. Both species possess, 
among other features, the samedidelphid characters, which are the paracone smaller than the metacone 
and the V-shaped centrocrista. The affinities of the two forms were noted since the first discoveries at 
Tiupampa by Muizon er al. (1984) who described a tooth that they related to a "‘Stembergia-lihx” 
marsupial and that must now be referred to P. andinus. Siernbergia itaboraiensis was described by 
Paula. Couto (1970) on the basis of a mandible fragment with m4 and the talonid of m3. A revision 
of S. itaboraiensis was provided by Marshall (1987) who included in the hypodigm of the species 
several other specimens of the lower and upper dentition. With the exception of their dental structure, 
which is almost identical. P. andinus and 5. itaboraiensis share the same morphology of the protocone, 
which is long anteroposleriorly, triangular-shaped, and inflated posteriorly, and the important 
development of the styles B and C. However, the two species clearly differ in the di fferent development 
of several of their elements. The upper molars of Stembergia differ from those of Pucadelphys in their 
shallower trigon basin, in their more reduced paracone, in their more deeply V-shaped centrocrista. in 
their smaller conules, in their smaller stylar shelf with a shallower basin, in the reduction of the style 
A which does not form a parastyle as large as in Pucadelphys , in their very reduced style D (while it 
is often the same size as style C or larger in Pucadelphys ), in the reduction of the metacone of their M4 
which is fused to the posterolabial angle of the tooth, in the loss of the posterior part of the stylar shelf 
basin of M4 and in the great anterolabial projection of the parastylar region of the stylar shelf of M4 
with a larger paracrista. The lower molars of Stembergia differ from those of Pucadelphys in that the 
talonids of m3 and m4 are always wider than the trigonids (in Pucadelphys the talonid of these teeth 
is sometimes as wide as the trigonid but is often narrower), in the anteroposteriorly longer trigonid, in 
the lower and stouter trigonid cusps, in that the metaeonid andparaconid arc more separated one from 
the other, a condition which more widely opens the trigonid basin lingually, in the hypoconid which 
has a better marked V-shaped morphology, in the larger hypoconulid and entoconid and i n the presence 
of well developed anterior and labial cingula (they are absent in Pucadelphys). Most of the dental 
characters of Pucadelphys are more primitive than those of Stembergia and, as already expressed by 
Marshall & Muizon (1988) and Muizon (1992), the former represents a good morphological ancestor 
for the latter, as far as the teeth are concerned. 

Two other marsupials from Itaboraf share structural simi 1 unties with Pucadelphys andinus ; they 
are Marmosopsis juradoi Paula Couto (1962) and 1 taboraidelphys camposi Marshall & 
Muizon (1984). 
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M.jumdoi is known by several upper and lower jaws and its hypodigm has been revised by 
Marshall (1987). It differs from P. andimts in its smaller size, its upper molars proportionally 
slightly narrower and longer and its molar cusps sharper and Jess bulky. In comparison to those 
of Pucadelphys, the upper molars of Mannosopsis differ in having a higher metacone relative to 
the paracone, a smaller protocone, a shorter and straight preprotocrista, smaller conules, a 
shallower stylar shelf basin, a much higher metacrista which is straight in occlusal and anterior 
views (it is concave in Pucadelphys ), a slightly shorter paracrista, reduced styles C, D. and E. The 
lower molars of Mannosopsis have a higher trigonid (relatively to the talonid) with a smaller and 
lower paraconid, a shorter talonid with asmaller and shallower basin, a crest-like entoconid which 
links the hypdeonulid to the posterior edge of the metaconid (in Pucadephys and Sternbergia a 
distinct entoconid is present) and the loss ofadistinct hypoconid on m4. Mannosopsis differs from 
Sternbergia and resembles Pucadelphys in having a relatively little marked V-shaped centrocrista 
(a primitive feature): however, it differs from both genera in having a very large and straight 
metacrista, in the crest-like entoconid. and in the reduction of the talonid of the m4 which has no 
hypoconid. Marshall & Muizon ( 1988) and Muizon (1992) have suggested that Mizquedelphys 
from the early Paleocene ol Tiupampa could represent a possible morphological ancestor for 
Mannosopsis, as far as the teeth are concerned. 

The molars of Itaboraidelphys camposi are also structurally similar to those of Pucadelphys 
andimts bul differ from them in their size, approximately 50% larger, in their more robust 
morphology and in their lower and stouter cusps. The upper molars of Itaboraidelphys differ from 
those of Pucadelphys in being transversally narrower, in the more pronounced V-shaped 
centrocrista, in the larger conules, in the smaller style C which is clearly closer in size to style B 
than D and is sometimes twinned, and in the larger and straighter metacrista in occlusal view. The 
lower molars of Itaboraidelphys differ from those of Pucadelphys in their higher trigonid (relative 
to the talonid) which is more open iingually, in the shallower trigonid and talonid basins, in the 
stronger anterocingulid, in I he shorter talonid and in the smaller hypoconulid. Marshall & 
Muizon (1988) and Muizon (1992) have stated that Andinodelphys from the early Paleocene of 
Tiupampa could represent a possible morphological ancestor for Itaboraidelphys , although 
Marshall et al. (1989) regard it as a plesion of indeterminate familial attribution which could be 
related to the origin of the Australian marsupials. 

It is true that Mannosopsis and Itaboraidelphys differ more from Pucadelphys than does 
Sternbergia , which is the reason why we have suggested a closer relationship between the latter 
two (Marshall & Muizon, 1988; Muizon, 1992). However, there is apparently no feature that 
could exclude Pucadelphys from being a possible ancestor of Mannosopsis and Itaboraidelphys. 
as the principal derived features of Pucadelphys are the V-shaped centrocrista and the larger and 
higher metacone relatively to the paracone, two didelphid characters. 

Pucadelphys also shows dental similarities with the various species of Alphadon and 
Protalphadon of the late Cretaceous of North America, which were classified in the family 
Peradectidae by Marshall et al. (1989). The three genera present a similar dental structure with 
large styles A to D, bul Pucadelphys differs from the other two genera in possessing a V-shaped 
centrocrista (straight in Alphadon and Protalphadon), a paracone smaller than the metacone (they 
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are subequal in size in Alphadon and Protalphadon) and an inflated posterior base of the 
protocone, which are didelphid characters. Clemens (1966) has suggested that the Tertiary 
didelphids were structurally similar to species like Alphadon Itdli and Alphadon marshi. As a 
matter of fact, Alphadon marshi represents a good structural ancestor for the dental morphology 
of Pucadelphys andinus, an observation which confirms the hypothesis of Clemens (1966), 
Crochet (1980) and Reig el al. (1987) which states that the Didelphidae may have originated from 
the North American Peradectidae. It is noteworthy that some specimens of Alphadon marshi (from 
the Maastrichtian of the Scoilard Formation, Alberta, Canada) have a slightly V-shaped centrocrista 
and a paracone smaller than the metacone (Cifelll 1990: 315): the same has been observed by 
Sahni (1972: 383 and fig. 14p) in a molar referred to Alphadon cf. rhaister from the Campanian 
of Judith River Formation (Montana). However, when present, these features are generally less 
developed than in the Didelphidae. 


Character Analysis. — In this section we analyze character slates in Pucadelphys which are 
of potential importance in phylogenetic inference. This analysis is made in order to determine 
which states are plesiomorphic or apomorphic for Metatheria in particular and Tribosphenida in 
general. The relevance of these states for the phylogenetic relationships of Pucadelphys are 
summarized in the conclusions below. The character states are discussed in the following order: 
dentition, dentary, skull bones, skull foramina, and ear region (petromastoid). 


Dentition 

Number of incisors. — Hershkovitz (1982) has shown that the ancestral metatherian (and 
probably eutherian) primitively had five upper and lower incisors, although the highest number 
known is 5/4 which resulted from the loss of i I. Therefore, so far, the plesiomorphic number of 
incisors for Tribosphenida and Metatheria is 5/4 (II, 12,13,14,15/12, i3, i4, i5) (Marshall, 1979: 
Hershkovitz, 1982; Clemens &Lillegraven. 1986:71). Pucadelphys thus retains the plesiomorphic 
state for Tribosphenida and Metatheria. 

Structure of upper incisors. —The relative size and structure of metatherian upper incisors 
are discussed by Takahashi (1974), Archer (1976b). and Reig er al. (1987). Metatheria were 
apparently plesiomorphic in having 11 -5 conical in shape, while the spatulale shape as occurs in 
Microbiotberiidae and Australian taxa is the derived stale (Archer, 1976b: Reig ei al., 1987). 
Many Didelphidae (Takahashi, 1974) and Dasyuridae (Archer. 1976b) have the 11 hypsodont 
and semiprocumbent relative to 12, and a small space (diastema) separated II and 12. Archer 
(1976b) regarded both states as plesiomorphic for Metatheria, and Hershko vitz (1982) suggested 
that these states evolved subsequent to loss of the i 1 and are associated with grooming. Although 
both states occur in many generalized metatherians, some taxa have one state but not the other. 
In addition, Dromiciops has 11 -5 equally spaced and 11 is not hypsodont (see Rf.ig el a!., 1987, fig. 
49) as also occurs in some Dasyuridae (Archer, 1976b, Table I). The states in Pucadelphys in 
which 11-5 arc conical, subequal in height and equally spaced (no diastema) are apparently 
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plesiomorphic for metatherians because it is possible to derive all the variations seen in 
Didelphidae, Dasyuridae. Microbiotheriidae and other groups from a Pucadelphys- like ancestor. 
The states in Pucadelphys probably also occurred in the ancestral tribosphenid. 

Structure of lower incisors. — Hershkovitz (1982) illustrated that all fossil metatherians 
except Microbiotheriidae have what lie termed a staggered i3 (j.e. the second incisor of the four 
occurring in generalized metatherians) which has “a bony alveolar buttress on labial surface, 
greater root exposure on lingual surface and medially staggered position of root and alveolus” 
(p. 191). In addition, the staggered i3 is larger than the i2. i4 or i5. Given the nearly universal 
occurrence ol this staggered i3 in metatherians, Hershkovitz concluded that this stale was 
plesiomorphic for this group. He also demonstrated that this state occurs in an edentulous dentary 
from the Albian of Texas (see hisfig. 5) which places a minimum age for the metatherian-eut herian 
dichotomy. However, the lower incisors in Pucadelphys (YPFB Pal 6107), Microbiotheriidae 
(Marshall, 1982) and generalized eutherians (Hershkovitz, 1982) are arranged in a linear series 
and have no staggered i3. 1 his state was thus probably plesiomorphic forTribosphenida and was 
retained in eutherians and in a few metatherians ( Pucadelphys , Microbiotheriidae). The staggered 
i3 is here regarded as a derived state which appears to be synapomorphic for metatherians except 
Pucadelphys and Microbiotheriidae. 

Number of premolars and molars .—The plesiomorphic number of permanent premolars and 
molars in Tribosphcnida was probably P5/5 and M4/4, while loss of one molar would account for the 
plesiomorphic state in eutherians of P5/5 and M3/3 and loss of two premolars for the plesiomorphic 
state in metatherians ofP3/3 and M4/4 (Dashzevbg & Kjelan-Jaworowska, 1984. pp. 225-226). The 
loss of deciduous incisors, canines and premolars (only the P3/3 has a predecessor, the HDP 3/3) is also 
a derived state for metatherians (Archer el al, 1985). Pucadelphys thus retains the plesiomorphic 
metatherian dental formula of P3/3 and M4/4. 

Structure of premolars and molars. — The structure of the cheek teeth in generalized 
metatherians is discussed by Archer (1976b), Reig etai. (] 987). Marshall (1987) and Marshall 
et al. (1989). Based on these studies. Pucadelphys has a cheek tooth structure which agrees 
perfectly with members of the family Didelphidae (t.e. paracone smaller and lower than metacone; 
V-shaped (dilambdodont) centrocrista; well developed stylar shelf with large stylar cusps A, B, 
C and D; posteriorly expanded protoconal base; trigonid shorter than talonid; cristid obliqua 
contacts posterior wall ot trigonid labial to protocristid notch; cntoconid tall and spire-like; 
hypoconulid lower than entoconid; well developed pre- and postcingulids). The cheek tooth 
character states of Didelphidae relative to other metatherians are listed in Marshall etal (1989 
figs 1.2). 


Dentary 

Inflected angular process. — The angular process of the dentary is strongly inflected 
medially in all metatherians except the living Tarsipes where it is absent, and in Phascolarctos 
and Mynnecobiiis Where it is weakly developed. The angular process is inflected medially in most 
late Cretaceous eutherians from Asia (i.e. Kennalestes. Asioryctes and Bamnlestes ; Kjelan- 
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Jaworowska, 1981, 1984: Kjelan-Jawqrowska eiaL, 1979) and in some species of Gypsonictops 
and Cimole&tes from North America, in Didymoconidae from Ihe late Eocene-middle Oligocene 
of Asia, and in various groups of living and fossil rodents (Marshall, 1979 and references 
therein). One is also present in the early Cretaceous age pantothere Vincelestes from South 
America (Bonaparte & Rougler, 1987) and in some triconodonts, symmetrodonts, and 
Multituberculata(MiAO. 1988:878). The distribution of an inflected angular process suggests that 
it is a plesiomorphic state for Tribosphcnida. Pucadelphys is thus plesiomorphous in this feature. 

Mylohyoid groove. — The mylohyoid groove marks the course of a neurovascular bundle 
which includes the mylohyoid artery and nerve, and presumably in early taxa the persistent 
Meckel's cartilage (Krebs. 1971). It is present in Jurassic dry olestids (Krebs, 197 1): indocodonts, 
triconodonts and enpantotheres (Ki elan-J aworowska, 1981:61); in the early Cretaceous triconod ant 
Gobiconodon ostromi (Jenkins & Schaff, 1988:5); in the early therian Kiekmtherimn (Dashzeveg 
& Kielan-Jaworowska. 1984:221); in die Cretaceous cutherians Prokennalesfes and Kennalestes 
(Kielan-Jaworowska, 1981: 61 and Kjelan-Jawqrowska & Dashzeveg. 1989); in some living 
adult cutherians [insectivorans, edentates, cetaceans; (Bensley, 1902)J: and in embryos of 
monotremes (Watson. 1916). It is absent in multituberculates,somedryoiestids (i.e. Crusafonticr. 
Krebs, 1971), paurodontids {Amphitherium, Peramus); and some early eutherians (Asioryaes; 
Kielan-Jaworowska, 1981:61). It is absent in the Deltatheroida ( Kielan-Jaworowska & Nessov, 

1990), but present in Pucadelphys, embryos of some living marsupial taxa and, sporadically, in 
some adult specimens ofDidelphis, Trichosums, Phalanger. Perameles m&Petauroides ( Bensley, 
1902). The presence of a mylohyoid groove is thus the plesiomorphic state for Mammalia, and 
Pucadelphys retains the primitive condition. The presence or absence of a mylohyoid groove 
appears (contra Archer el al„ 1985, fig. 3, point 14) to be of dubious value in phylogenetic 
inference. 

Labial mandibular foramen. — Kielan-Jaworowska & Dashzeveg (1989) named labial 
mandibular forme n a small foramen on labial sideof the dentarv at the base of the coronoid process 
present in many primitive mammals. This small foramen occurs in Kielanthenum (aegialodontid) 
from Ihe early Cretaceous of Asia, in Prokennalesfes (otlestid) from the Aptian-Albian of Asia, 
in Otlestes (otlestid) from the late Cenomanian of Uzbekistan and in Zalambdalestes 
(zalambdalestid) from the Campanian of Mongolia (Dashzeveg & Kielan-Jaworowska, 1984; 
and Kielan-Jaworowska & Dashzeveg, 1989), and in the microbiothere metatherian 
Microbioth erium ga l lego sense from the early Miocene ot Argentina (Marshall, 1982), Dashzeveg 
& Kielan-Jaworowska (1984 ) and Kielan-Jaworowska & Dashzeveg (1989) regard the presence 
of this foramen as a therian piesiomorph v. There is no trace of this foramen in Pucadelphys. 


Bones of Skull 

There tire numerous states in Pucadelphys which, as shown by previous workers, 
apparently represent Tribosphenida plesiomorphies. These include: nasals flared posteiioily 
(Gregory, 1920: 139); alisphenoid and squamosal have major component in lateral wall of 
braincase (Kermack etal., 1981: 135; Kemp, 1982: 305.1983:372); glenoid fossa set posteriorly 
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opposite anterior Half of promontorium (Kielan-Jaworowska. 1981: 65); occipital plate slopes 
upwards and slightly forwards from condyles (Kielan-Jaworowska, 1981: 65); and iambdoidal 
crest sharp, sagittal crest weak or absent (Kielan-Jaworowska et al .. 1979: 227). 

Orbit large, confluent with temporal fossa. — This state occurs in Vincelestes (Bonaparte & 
Rougier. 1987), Deltatheroida (Kielan-Jaworowska, 1975), Zalambdalestes (Kjelan -Jaworowska, 
1984: 113), Asioryctes and Kemialestes (Kielan-Jaworowska, 1981: 56), Pucadelphys , and in 
generalized Cenozoic and living metatherians and eutherians. This is apparently the plesiomorphic 
state for Theria. 

Lacrimal. The lacrimal has a large facial wing in cynodonts, Morgamtcodon (Kermack 
etai. 1981). Vincelestes (Bonaparte & Rougher, 1987), Deltatheridium (Kielan-Jaworowska, 
1975), Pucadelphys and in generalized living and fossil metatherians (Gregory, 1920). In 
Vincelestes , Deltatheridium, Pucadelphys and in generalized living and fossil metatherians the 
lacrimal forms a prominent antdrbital rim and the lacrimal foramen occurs within the orbital rim. 
The stiucture oi the lacrimal and position of the lacrimal foramen in Pucadelphys apparently 
represents the plesiomorphic state for Tribosphenida. 

Nasal-lacrimal contact. — A broad nasal-lacrimal contact occurs in cynodonts, 
trityJodontids, multituberculates, Morganucndon ( Kermack etai ,1981), Vincelestes (Bonaparte 
& Rougier, 1987. fig. 2A). Deltatheridium (Kielan-Jaworowska, 1975: 122, fig. 3A). and among 
metatherians only in South American Borhyaenoidea (Marshall, 197S; Marshall etai. , 1989) 
and in the Australian Wynyardia (Gregory, 1920). A broad nasal-lacrimal contact is the 
plesiomorphic state for mammals (Gregory, 1920). Living and other fossil metatherians (including 
Pucadelphys) are derived in having no nasal-lacrimal suture but a clear lrontal-maxilla contact 
(Gregory, 1920; Marshall & Kielan-Jaworowska. 1992). An intermediate condition within 
metatherians occurs in some Didelphidae { Didelphis , Chironectes) which have only a narrow and 
variable frontal-maxilla contact (Gregory, 1920:139). Most eutherians are also derived in having 
a broad frontal-maxilla contact (Novacek, 1986: 27). 

Contact of alisphenoid and parietal. — A broad contact between the alisphenoid and 
parietal on the outside oi the skull occurs in the early eutherians Asioryctes and Kemialestes 
(Kielan-Jaworowska, 198!), in Pucadelphys, and in many Cenozoic and living metatherians (i.e. 
ail Didelphidae, Myrmecobiidae, mostDasyuridae, some Borhyaenoidea; Archer, 1976a: 309). 
There is no contact in Thylacinidae, PerameJidae, Vombatidae, some Phascolarctidae, some 
Borhyaenoidea, and some Dasyuridae (Archer, 1976a: 309). A broad alisphenoid-parietal 
contact is regarded as the plesiomorphic state in Tribosphenida. 

Palate, The bony palate is solid (without vacuities) in cynodonts, monotrenies, some 
multituberculates {Kamptobaatar}, the eupantothere Vincelestes (Bonaparte & Rougier. 1987), 
the late Cretaceous eutherians Zalambdalestes (Kielan-Jaworowska, 1984: 108), most living and 
Cenozoic eutherians, the deltatheroidan Deltatheridium (Kielan-Jaworowska, 1975: 122), and 
many metatherians (Borhyaenoidea, Sparassocynus, Caluromys, Dasycercus, Dasyuroides, 
species groups ol Antechinus and Sminthopsis, Myrmecobius, Dactylopsila, Petaunts and 
Dactylonax) (Marshall, 1979 and references therein). In contrast, the palate is perforated by 
large vacuities, often two pairs, in some multituberculates (i.e. Sloanbaatar, Nemegtbaatar, 
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Bulganbaatar and Ptilodus), some eutherians (rabbits, some rodents, macroscelidids. hedgehogs, 
Carpolesies), some Dcltatheroida (Kielan-Jaworowska & Nessov, 1990), and many living and fossil 
metatherians (Marshall, 1979; Reig era!.. 1987). Because of the wide occurrence Of palatal vacuities 
among metatherians, their presence has generally been regarded as plesiomorphic for this group. 
However, when vacuities are present they are generally quite variable within families and even within 
species. Ontogenetic studies of metatherian embryos have shown that the palatal plates of the maxilla 
and palatine bones are at first solid and develop vacuities by gradual resorption of bone. These and other 
observations favor the view that a solid palate was the plesiomorphic state for mammals (Marshall, 
1979 and references therein). Pucadelphys is thus plesiomorphic for this state. 

Preglenoid process of jugal. — The jugal is deep, long and extends posteriorly to form a 
preglenoid process along the anterolateral edge of the glenoid fossa in the late Cretaceous 
metatherian Didelphodon vorax (Clemens, 1966; 72), in Cenozoic and living metatherians, in 
Deltatberoida (Kielan-Jaworowska & Nessov, 1990). in the early Cretaceous eupantothere 
Vincelestes (Bonapartc & Rougier, 1987). and in some living eutherians (elephants, some 
hyraxes, some rodents: Marshall, 1979). In some late Cretaceous eutherians from Asia (Asioryctes, 
Kennalestes , Banmlestes) the jugal is long, extends to the anterior edge of the glenoid fossa, but 
does not form a preglenoid process (Kielan-Jaworowska, 1981; 1984). The presence of a 
preglcnoid process of the jugal is clearly a plesiomorphic state for metatherians, and the presence 
of this state in Vincelestes and some eutherians suggests that it is plesiomorphic forTheriaas well. 
Pucadelphys thus retains the plesiomorphic metatherian (and therian) state. 


Foramina of Skull 

Pucadelphys retains two states which are regarded by some workers as plesiomorphic for 
Tribosphenida: V2 exits skull through foramen rotundum in alisphenoid (Kermack et al. 1981: 

135). and presence of a foramen lacerum medium (MacIntyre, 1967; Archer. 1976a). However, 
a foramen rotundum does not occur in Kennalestes or Asioryctes, and Kielan-Jaworowska (1981: 
65) regarded a “foramen rotundum confluent with sphenorbital fissure’' as the plesiomorphic 
therian state. The earliest known foramen rotundum in a eutherian occurs in the ?middle 
Campanian age Banmlestes (KiELAN-JAWOROWSKa & Trofimov, 1980). 

Transverse canal. — There is no transverse canal in Morganucodon (Kermack et al., 
1981), monotremes (Watson, 1916), multituberculates (Kielan-Jaworowska et al. 1986), 
Dellatheroida (Kielan-Jaworowska & Nessov, 1990), Borhyaenoidea (except for a possible 
vestige in Lycopsis ; Marshall, 1977; 415), Pucadelphys , some didelphids (i.e. Calurornys) and 
some dasyurids (some Planigale ) (Archer, 1976a) or in late Cretaceous eutherians from Asia 
(Asioiyctes. Banmlestes, Kennalestes, Zalambdalestes', Kielan-Jaworowska, 1981:1984; Kielan- 
Jaworowska & Trofimov. 1980). Among metatherians a transverse canal occurs in thylacinids, 
myrmecobiids, peramelids, most didelphids and most dasyurids (Archer, 1976a). 

Archer (1976a) regarded a transverse canal as a plesiomorphic state for metatherians, yet 
the distribution of this feature suggests that its absence was the plesiomorphic state for mammals. 
If this polarity is true, then a transverse canal evolved multiple times within metatherians, a 
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position supported by data in Archer (1976a: 307). For example, when present, the transerse 
canal, which transmits a major venous sinus that drains the base of the brain around Lhe pituitary, 
varies considerably in size and morphology: “in dasyurids, thylacinids, some didelphids (e.g. 
Marmoset and Monaddphis) lhe canal passes not only into endocranium but also transversely 
through the basisphenoid”, sometimes "via more than one canal”. In these taxa the transverse 
venous sinus “may enter the endocranium via the sulci for the emocarotid canals”, while in other 
taxa (e.g. peramelids and other didelphids) “both ends of this canal lead anteriorly for a 
considerable distance before communicating transversely through the basisphenoid”. 

Archer (1976a: 307) stressed that taxa which lack this canal have a venous drainage pattern 
considerably different from those taxa in which it is present. In some species oi Planigale, for 
example, the "venous sinus passes transversely via the anterior edges of the enormous foramina 
pseudovale [sic, see belowJ which are so large that they incise the alisphenoid in the normal 
position ol the transverse canal”. Given die arrangement in some species of Planigale , we 
speculate that in inetatherians like Pucadelphys which lack this canal, part of the venous drainage 
around the pituitary may leave the skull through the large foramen ovale. Pucadelphys , which 
lacks a transverse canal, retains the plesiomorphic metatherian (and mammalian) state. 

Foramen ovale. — This term is used (sensit Kielan Jaworowska et ah. 1986: 584) to 
designate the foramen which transmits the mandibular branch of the trigeminal nerve (V3). Within 
(his definition is included the foramen "pseudovale” of earlier workers, a term which Kielan- 
Jaworovvska ei al. ( 1986: 584) “rejected as prejudicial to possible homology of anterior lamina 
of petrosal with part of mammalian alisphenoid (Presley, 1981; Kemp, 19S3)”. This move took 
into consideration the tact that the shape of this foramen and detailed relations with surrounding 
bones vary within mammals, and that MacIntyre’s (1967) use of “pseudovale" is not consistent 
regarding these relationships since the foramen may either be totally surrounded by the anterior 
lamina or be in the junction between two or more bony elements. Because of this, “pseudovale” 
was regai ded as not being a clear-cut alternative to ovale and its use implies a false impression of 
piecision of definition (Presley, personal communication. 1989). Thus, the term ovale is used in 
preference for homology regarding transmittal of the V3 and gives no weight to the bones 
surrounding the V3 in different mammal groups. 

A great deal of confusion regarding the term ovale and “pseudovale”has resulted from the 
studies ot MacIntyre (1967) and Archer (1976a). MacIntyre, for example, recognized a 
pseudovale in some living eutherians (i.e. some pcrissodactyls, artiodactyls, rodents) which 
folined as a icsult ol (he disappearance of a true foramen ovale (which was surrounded entirely 
by the alisphenoid) by its union with the toramen lacerummedium, which primitively in mammals 
is located at the junction of the alisphcnoid-basisphenoid-basioceipital-petrosal (MacIntyrc, 
1967 8a4). In this sense. MacIntyre s “ pseudovale” is derived from an ancestral (plesiomorphic) 
state in which a lint foramen ovale was surrounded by the alisphenoid which in turn is derived 
bom ytt anothei uncestial slate in which a pseudovale was located between lhe anterior lamina 
of the petrosal and the alisphenoid. MacIntyre’s “pseudovale” is thus used in two significantly 
different non homologous contexts: true “pseudovale” (as in cynodonts.tritylodonts. monotremes) 

- true ovale (a derived state in generalized tribosphenids) - and “pseudovale” (=lrue ovale + 
lot amen lacerum medium), (another derived state, in some living eutherians). 


Source MNHN, Paris 
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Archer (1976a) recognized a foramen ovale and “pseudovale” in the taxa he studied, and 
in some cases identified both on the same side of the same specimen (i.e. most Didelphidae: 307). 
He defined (p. 2 J 9) his pseudovale as: Transmits cranial nerves. Sometimes carries very small 
ai lei ial ot venous anastomoses linking internal cranial and external cranial vessels and sometimes 
near its posterior edge, carries small branch of internal carotid artery intoeustachian canal”. In his 
Plate I where he labels this foramen on specimens, what he calls the “pseudovale” is in reality the 
medial lacerate foramen as evidenced by its position at the alisphenoid-basioccipital- basisphenoid- 
petrosal junction (MacIntyre, 1967: 834). In other instances, Archer uses “pseudovale” sensn 
MacIntyre (1967) in part, meaning the foramen formed by union of the medial lacerate foramen 
and ovale. Archer thus uses “pseudo vale" in reference to two different nonhomologous foramina. 
However, Archer' s use of foramen ovale appears to be correct (i.e. foramen in ali sphenoid which 
transmits V3) and it is interesting that he regards (p. 307) its absence as a dasyurid plesiomorphy. 
Because Archer used the presence, absence and structural variation of his "pseudovale" and ovale 
in phylogenetic inference, his conclusions based on these features need reconsideration. 

Subsquamosal foramen. — This foramen occurs in Pitcadelphys , in all metatherian groups 
studied by Archer (1976a: 314) and in the late Cretaceous eutherians Asiorycles and Kennalestes 
(Kielan-J a worowska, 1981: 61). Archer (1976a) noted that this foramen is variably developed: in 
some specimens it occurs on one side of the skull but not the other, while in other specimens it lies 
adjacent to the postglenoid foramen and is separated from it by only a splint of bone. The presence of 
this foramen represents a plesiomorphic state within Theria (Kielan-Ja worowska, 1981: 65). 

Postzygomatic foramen. —This foramen occurs in Pitcadelphys and in all metatherian 
groups studied by Archer (1976a: 314). It is a plesiomorphic feature within Melatheria. 


Ear Region 

Pitcadelphys retains the following states which are plesiomorphic for Tribosphenida: a 
triossicular middle ear mechanism (Miao & Lillegraven, 1986: Kemp, 1983); an inflated 
promontorium to house the spiral cochlea (MacIntyre, 1972: Prothero, 1983: 1044); a fully 
coiled cochlea (3S0°) (Miao & Lillegraven, 1986; Wible. 1990); a fossa incudis with prominent 
lateral wall formed by the squamosal (Wible, 1990): a true aqueductus cochleae (Kermack etai. 
1981: 137; Wible. 1990): the internal acoustic meatus is a broad shallow pit with foramina which 
transmit a branch ofthe facial nerve (V1T) and nvo branches of the acoustic nerve (VIII) (Prothero, 
1 983: 1041); the presence of a posttemporal foramen (Wible, 1990); and the presence of a lateral 
head vein (absence of this vein is a eutherian synapomorphy: Marshall, 1979; Wible, 1990). It 
also has three states which are metatherian synapomorphies: the prootic canal is reduced in length 
and width, and does not open endderantally (absence of this canal is a eutherian synapomorphy; 
Wible, 1990): the prootic sinus continues onto the squamosal side of the petromastoid within a 
deep sulcus (Wible, 1990): and the presence, on the squamosal side of the petromastoid, of a 
sphenoparietal emissary vein which occupies a deep sulcus continuous with the sulcus for the 
prootic sinus, and exits skull through the postglenoid foramen (Wible, 1990). 
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Ossified auditory bulla. — In Pucadelphys there is no evidence of an ossified auditory 
bulla. This same slate occurs in monolremes, soricids, some talpids, and some fossil eittherians 
(i.e. Asioryctes, Kennalestes , Palaeoryetes) and apparently represents the pfesiomorphic mam¬ 
malian state (Nov acek. 1977: 141). “A condition similar to that in the monotreme Tachyglossus, 
where the tympanic cavity was bordered ventral ly by a thin connective tissue (dense fibrous and/ 
or areolar) membrane located between the ventromedial surface of the nearly horizontal tympanic 
ring and the ventral surface of the petrosal, was the most primitive condition in monotremes, 
marsupials, and placentals” (Novacek, 1977: 144) (however, see below for discussion on the 
orientation of the typmanic ring). 

Based on an authoritative study of fossil and living metatherians, Archer (1976a: 310) 
concluded that, among living taxa, didelphids were most plesiomorphic in aspects of their bull ar 
morphology. Reig et at (1987: 22) suggested that, among living didelphids, Metachirus and 
Philander were the most generalized. In these taxa the ossified bulla is incomplete: a small 
tympanic process of the al isphenoid occurs anteriorly, a small tympanic process of the pars petrosa 
of the peiromastoid occurs posteriorly, and much of the middle ear in macerated skulls is open 
ventral ly. This same architecture was regarded as the plesiomorphic metatherian bullar state by 
Novacek (1977) and apparently occurred in the late Cretaceous stagodontid Didelphodon vorax 
(Clemens, 1966: 55). There are thus two features (both absent in Pucadelphys) which warrant 
special consideration in the evolution of the metatherian bulla: the ossified tympanic process of 
the al isphenoid and the tympanic process of the pars petrosa. 

An ossified tympanic process of the alisphenoid occurs in the vast major of metatherians and 
is generally regarded as a synapomorphy of that group (Kielan-Jaworowska & Nessqv, 1990), 
although its phylogenentic value has been recently questioned by Muizon (1994). This feature is, 
however, absent in borhyaenoids (with the exception of Cladosictis and Sipalocyon (Muizon. 
1994)]. in vombatids (Patterson, 1965), and in what appears to be a late Cretaceous metatherian 
that was figured but not discussed by MacIntyre (1967, fig. 3). Kielan-Jaworowska (1981: 61) 
suggested that “the marsupial alisphenoid bulla originated from the enlarged quadrate ramus of 
the alisphenoid of early therians" and that in late Cretaceous eutherians (Asioryctes and probably 
Kennalestes) “a strongly inflated quadrate ramus of the alisphenoid occupies the same position 
as the alisphenoid bulla in marsupials and is probably homologous to it”. However, in eutherians 
the alisphenoid rarely contributes to the formation of the ossified bulla and in those taxa where 
it is developed (i.e. macroscelidids, some insectivores; Novacek, 1977; Segall, 1970) it has a 
different shape and occurs in a di fferent location than in metatherians ( Kielan-Jaworowska, 1981: 
61 -62). Furthermore, in insectivores “the tympanic process of the basisphenoid takes the place of 
the tympanic process of the alisphenoid of marsupials” (Segall, 1970: 169). These observations 
clearly suggest that the ossified tympanic wing of the alisphenoid in metatherians and eutherians 
are nonhomo logo us and evolved independently in each group. This view is supported by the fact 
(hat an ossified alisphenoid bulla is absent in monotremes (Watson, 1916), in the early Cretaceous 
eupantothere Vincelestes (Bonaparte & Rougier, 1987; Rougier & Bonaparte, 1988), in 
Pucadelphys. in Mayulestes (Muizon, 1994) and in some late Cretaceous eutherians (Kielan- 
Jaworowska, 1981; 1984). Furthermore. Muizon (1994) has shown that the absence of tympanic 
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piocess ot the alisphenoid in Mayulestes and in most other borhvacnoids is a symplesiomorphy 
within the superfamily [not a reversal as stated by others (Marshall & Kielan-Jaworowska, 
1992)] and that its presence in Cladosictis and Sipalacyon is a synapomorphy of this clade. The 
absence ol a tympanic piocess of the alisphenoid in the didelphid Pucadelpiiys reinforces 
Muizon's statement that this structure must have appeared several times during marsupial 
evolution and should not be used to diagnose this group of mammals. 

The tympan ic process of the pars petrosa (sensu Reio et at , 1987; = rostra I tympan ic process 
of the petrosal. Wiule, 1990; ectotympanic process of the periotic, Archer, 1976a: 230) is 
"intimately related" to the posteroventral end of the ossified ectotympanic; these bones are 
typically in contact but never fused (Archer, 1976a: 230). A tympanic process of the pars petrosa 
is absent and the promontori urn is smooth in Sinoconodon, morganucodontids, triconodontids, 
Vincelestes , many metatherians (De I tat hero i da, Pucadelphys, most Borhyaenoidea; living 
Phalangeridae, Vombatidae, and possibly Phascolarctidae), and many eutherians (late Cretaceous 
taxa from Asia, many Cenozoic and living goups) (Wiule, 1990). A low ridge which may represent 
an incipient state of this structure occurs in the metatherian Didelphodon voreix and in Petrosal 
Types A-D of Wible (1990). This feature is well developed in living metatherians (except those 
mentioned above), in some eutherians (euprimates, erinaceomorphs), possibly in some 
multituberculates, and monotretnes (although in this group it is not clearly homologous with that 
in metatherians and eutherians; Wible, 1990). The distribution of this structure among various 
groups thus suggests that mammals primitively had a smooth promontorium and lacked a 
tympanic process of the pars petrosa. Wible ( 1 990) concluded that the absence of this feature was 
a plesiomorphic state for Eutheria, but was uncommital about the plesiomorphic state in 
Melatheria. suggesting only “that ridges and processes have been added to and lost from the 
promontorium a number of times in marsupials”. We believe that metatherians (as in Pucadelphys) 
primitively lacked this structure and that it evolved independently in various lineages, possibly 
in association with the development and enlargement of an ossified auditory bulla. 

Orientation of ectotympanic and tympanic membrane. — In living metatherians and 
eutherians (except soricids and some talpids) Lhe ossified ectotympanic and tympanic membrane 
are Oriented in a nearly vertical plane, and this state has been regarded as a therian synapomorphy 
(Kemp, 1983; 375). However, this view is not corroborated by fossil or ontogenetic evidence which 
suggests two other possibilities. First, Novacek (1977) suggested that the ectotympanic was 
primitively suhhorizontal in position. This possibility is supported by the horizontal position of 
the ectotympanic in the living monotreme Tachyglossus (Novacek, 1977: 144, Fig. 6), in the late 
Paleocene multituberculate Lambdopsalis (Miao & Lillegravek. 1986), and the knowledge that 
the ectotympanic is oriented horizontally in the early ontogeny in all mammals and remains in this 
position in monotremes but rotates to an inclined position in most therians (de Beer, 1937) which 
thus represents a derived state (Rowe, 1988). Second, Kielan-Jaworowska (1981) suggested that 
the ectotympanic was primitively inclined at an angle of 45° from horizontal. This possibility is 
based on the observations that in cynodonts and some early mammals with a double jaw joint (i.e. 
Morganucodon) the angular (^ectotympanic) is sharply inclined (Kielan-Javvorowska, 1981: 
38). Support for this possibility came with the discovery of the late Cretaceous eutherians 
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Astoryctes and Kennalestes in which the m situ ectotympanic was released from the lower jaw but 
still retains its primitive anterior position opposite the posterior part of the dentarv and is roughly 
parallel to it at 45° from horizontal. If this does indeed represent the primitive therian state, then 
both the subhorizontal slate in Tachyglossus and the near vertical state in some living metatherians 
and eutherians are derived conditions. 

Yet, the same data base has been interpreted by some workers to support both possibilities 
(i.e. subhorizontal is primitive and inclined at 45° is primitive), suggesting that differences 
between the two are relative and in part semantic. The best example is Novacek's (1977: 145) 
paper in which he argues that “the last common ancestor of marsupials and placentals... and the 
most primitive members of each group... had a simple tympanic ring only slightly inclined to the 
horizontal plane of the skulk' which resembled the mono tie nie-l ike state. In his fig. 7a he 
illustrates this plesiomorphic state with the ectotympanic inclined at 35° from horizontal, while 
on p. 141 he notes that “the simple ring-shaped ectotympanic lies at a low angle (less than 50°) 
to the horizontal plane of the skull", a state seen in monotremes, soricids, some talpids, and 
possibly in Asioryetes and Palaeoryctes. 

In Pucaiielphys there is no evidence of an ossified ectotympanic, nor are there facts to 
demonstrate that one was present. Its absence is attributed to destruction during fossilization. The 
tympanic membrane was apparently subvertical or slightly obliquely oriented at an angle much 
larger than 45° from horizontal, because this is the general orientation of the fenestra vestibuli (see 
YPFB Pal 6110) and the ectotympanic parallels it in Recent mammals (J. Wible, written 
communication. 1990). Therefore, whatever the primitive condition is (either sub horizontal or at 
45°) the inferred subvertical position of the ectotympanic of Pucadelphys would represent a 
derived condition. 

Auditory .sinuses. — “Auditory sinuses... are cavities within or between bones in the 
auditory region of the skull (other than the epitympanic recess) which communicate directly with 
the epitympanic recess” (Archer. 1976a: 226). Such sinuses are absent in Morganucodon 
( Kermack etui. , 1981), monotremes (Watson. 1916). Vincelestes (Bonaparte & Rqugier, 1987), 
late Cretaceous eutherians (Asioryctes, Barunlestes , Kennalestes , Zalambdalestes\ Kielan- 
Jaworo'wska, 1981; 1984; Ki elan-Ja worows ka & Trofimov, 1980), and generalized living 
eutherians (Van Kampen, 1905; Nqvacek, 1977). Among Cenozoic and living metatherians, 
auditory sinuses are primitively absent, although a small alisphenoid hypotympanic sinus appears 
in all groups studied by Archer (1976a) except some borhyaenoids. The absence of auditory 
sinuses in Pucadelphys thus represents the plesiomorphic state for mammals. 

Pars mastoidea contribution to occiput. — The pars mastoidea has an extensive exposure 
on the occiput in monotremes {Tachyglossus), in late Cretaceous eutherians (Asioryctes, 
Kennalestes: Kielan-Jaworowska, 1981, fig. 2), and among metatherians in Didelphodon vorax, 
Eodelphisbrowni , Petrosal Types A and B from the late Cretaceous (Wirle,199Q), in Mayulestes 
(Muizon, 1994) and in many taxa studied by Archer (1976a). An extensive contribution of the pars 
mastoidea to the occiput also occurs in Pucadelphys, and this apparently represents the plesiomorphic 
slate for Tribosphenida. 
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Mastoid and paroccipital processes. — These processes are either absent or only 
incipiently developed in Morganucodon, monotremes, Vincelestes (Bonaparte & Rougier, 

1987), in late Cretaceous Asiatic eutherians (Asioryctes. Banmlestes, Kennalestes, Zalambdalestes ; 
Ki elan - Jaworow.ska , 1981; 1984; Kielan-Jaworowska & Trofimov, 1980), and in most gener¬ 
alized inetatherians ( Mayulestes ; Myrmecobiidae; most Dasyuridae; Caenolestidae; 
Microbiotheriidae; some Didelphidae, Lestodelphys , Monodelphys) (Archer, 1976a; Reig ei 
at., 1987). A well developed mastoid and/or paroccipital process does occur in various late 
Cretaceous (Wiblf., 1 990), Cenozoic and Recent metathcrian groups t Archer, 1976a; Reig el a /., 
1987). where they are derived and apparently evolved independently in various lineages (Archer, 
1976a). The absence of a paroccipital process and small size of mastoid process as occur in 
Pueadelphys, apparently represent or approximate the plesiomorphic state for mammals. 

Shape of fenestra vestibuli and stapedial footplate. —The ratio of length to width of the 
fenestra vestibuli approximates or represents that of the stapedial footplate. In the monotreme 
Tachyglossus this ratio is 1.0 (Segall, 1970; 203, fig. 26); in Morganucodon 1.1, triconodontkls 
and Bug Creek multitnberculates 1.3, Vincelestes 1.0 (Wibi.e, 1990); and the late Paleocene 
muitituberculatc Lambdapsalis bulla 1.0 (Miao & Lillegraven, 1986). Among metatherians, 
living Didelphidae have ratios ranging front 1.3 - 1.5 (Segall, 1970), Didelphodon vorax 1.4 
(Archibald. 1979), late Cretaceous taxa studied by Wirle (1990) range front 1.3-1.6, while living 
Oromiciops and Macropits have 2.1 (Segall, 1970). Bug Creek eutherians range from 2.0 - 2.4 
(Archibald. 1979) and living eutherians 1.8 - 2.9 (Segall, 1970). These data suggest that: a 
circular fenestra vestibuli with a ratio of 1.0 is plesiomorphic for Mammalia (Archibald, 1979; 
Segall. 1970; Prothero, 1983; Miao & Lillegraven, 1986; Wible, 1990); a slightly ovoid 
fenestra with a ratio of 1.3 is a synapomorphy of metatherians and possibly Tribosphenida; 
Pueadelphys with a ratio of 1.4 approximates the plesiomorphic state for metatherians; and an 
elliptical fenestra with a ratio of 1.8 is a synapomorphy of eutherians (Wible, 1990). 

Stapedial artery. — The stapedial artery, a branch of the internal carotid artery, occurs in 
embryos of living monotremes, metatherians and eutherians, but only in adults of Ornithorhynchus and 
some eutherians (Presley. 1979). As evidenced by a groove which marks the course of this artery on 
the pais petrosa of monotremes and some eutherians, it is believed to have been present in 
multitnberculates ( Kielan-Jaworowska end.. 1986), late Cretaceous eutherians from Asia (Banmlestes, 
Zalambdalestes ; Kielan-Jaworowska, 1984: 108) and North America (Wible, 1990) and various 
Cenozoic eutherians (Presley, 1979). In metatherians, astapedial artery is absent in adulls of all living 
taxa (Tandler, 1899: Presley, 1979) and the groove is absent in fossil taxa ( Archer, 1976a; Archibald, 
1979; Clemens, 1966; Wible, 1990). The presence of a stapedial artery in adults is thus a plesiomorphic 
state for mammals (Presley, 1979: 241, tig. 3), while the absence of this artery in adult metatherians 
represents a synapomorphy of that group (Wible, 1990). Pueadelphys . which lacks a groove tor this 
artery, has the plesiomorphic state for metatherians. 

Course of internal carotid artery. — The course ol the internal carotid artery, which is 
derived from the embryonic dorsal aorta, has two basic states in mammals which arise by a 
process of differential growth affecting the relative positions of the dorsal aorta and cochlear 
promontory” (Presley, 1979; 238). Wible (1986) cautions that the position of the internal carotid 
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artery with regard to the cochlear promontory cannot be inferred from the location of the 
entocarotid foramen alone. The probable plesiomorphic state for mammals (Archibald, 1979; 
Presley. 1979) is called the medial internal carotid artery (MICA) where the vessel passes medial 
to the cochlear promontory on its way to the entocarotid foramen and leaves little or no trace on 
the bone. This state occurs in monotremes, all metatherians (MacIntyre, 1972; 291), in late 
Cretaceous Asian eutherians (Kiel an-Jaworowsk a, 1981:58-59; 1984: 115: Kjelan-Jaworowska 
& Trofimov, 1980), and in some 1 idling eutherians [e.g. rodents, rabbits, ungulates (Presley, 1979; 
Kielan-Jaworowska, 1981: 57)]. The apomorphic state is called the promontory internal carotid 
artery f PICA) where the vessel passes upon or lateral to the cochlear pfomontory, often in a sulcus. 
This state occurs in some primates, insectivores and some carnivorans, and may have evolved 
multiple times (Presley, 1979). Pucadelphys thus retains the plesiomorphic MICA state, where 
the course of the internal carotid is marked by a shallow sulcus. 

In addition, the presence of a large entocarotid foramen between the alisphenoid and 
basisphenoid which transmits the internal carotid as in Pucadelphys appears to be the plesiomorphic 
state in metatherians (Archer. 1976a), eutherians (Kjelan-Jaworowska, 1981), and their 
tribosphenid ancestor. 

Sulcus for facial nerve. — A sulcus for the facial nerve on the petromastoid has been 
regarded as a synapomorphy of metatherians and euiherians (i.e. MacIntyre, 1972); yet, this 
Feature also occurs in morganueodontids. triconodontids, multituberculates, monotremes and the 
eupantothere Vinceleste s\ i t is therefore a plesiomorphy for mammals (Wible, 1990). Pucadelphys 
retains the plesiomorphic state. 

Inferior petrosal sinus and foramen. — The inferior petrosal sinus joins posteriorly with 
the internal jugular vein and exits the skull through the inferior petrosal (internal jugular) 
foramen ( Archibald. 1979). The term internal jugular foramen (=canal) was proposed by Archer 
(1976a) to replace the posterior carotid foramen of Gregory (1910: 233) and Patterson (1965: 
2) which they erroneously believed transmitted a branch of the internal carotid artery; this error 
was perpetuated by Clemens (1966: 73) and Marshall (1977. 1978). 

A sulcus for the inferior petrosal sinus occurs in Morgamtcodon, monotremes, and in many 
metatherians and eutherians, and apparently represents a piesiomorphy ( nee then an synapomorphy 
of MacIntyre, 1972) within mammals. An inferior petrosal foramen occurs nearly universally in 
metatherians (Archer, 1976a: 309) but is apparently absent in some (miciobiotheres, Advbates, 
possibly Phascolarctos ; Patterson. 1965: 6), and is widely distributed among fossil and living 
eutherians (Patterson, 1965). Its presence apparently represents the plesiomorphic state for 
Tribosphenida. Pucadelphys retains both an inferior petrosal sinus and foramen. 

Anterior lamina. — The anterior lamina is a bony blade located at the anterodorsal border 
of the petrosal in several primitive mammals: Adelobasiletis, Haldanodon, Megazostrodon , 
Morgamtcodon, Sinoconodon, Trioracodon, multituberculates, Vincelestes, and monotremes 
(see Wible & Hopson, 1993 for original references). The anterior lamina is perforated by a 
foramen (foramen ovale) for the V3 (mandibular branch of the trigeminal nerve), in Morgamtcodon, 
Sinoconodon, Adelobasileus, most multituberculates, Vincelestes , and Omithorhynchus. However, 
there is a single trigeminal foramen between the anterior lamina and alisphenoid in Megazosirodon 
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and Haldanodon (Wiblf. & Hopson, 1993). The V2 (maxillary branch of the trigeminal nerve) is 
also enclosed in the anterior lamina in Morganucodon, Sinoconodon, Adelobasileus, and 
Vincelestes. 

In the non-tribosphenic taxa mentioned above “the anterior lamina contributes to the lateral 
wall of the cavum epiptericum, the extradural space within which the trigeminal ganglion lies” 
(Wible & Hopson, 1993:47). Kermack et al. {1981: 119), in their authoritative study of the skull 
anatomy of Morganucodon, state that the trigeminal ganglion (= semilunar ganglion) lies in a deep 
pocket of the medial side of the anterior lamina, lateral to the medial opening of the aqueductus 
FalLopii for the facial (VII) cranial nerve. A similar condition is observed in Trioracodon 
(Kermack. 1963: 87), in multituberculates ( Kjelan-Jaworowska et al., 1986), in Haldanodon 
( Lellegraven & Krusat, 1991:97) and in Omithorhynchus (Zeller, 1989a, b). The medial aspect 
of the anterior lamina of Vincelestes has not been described. In the recent didelphid Monodelphis 
domestica , the trigeminal ganglion lies anterolateral to the hiatus Fallopii in a shallow fossa of the 
alisphenoid and the anterior border of the petrosal (Maier, 1987; Hopson & Rqugier, 1993). In 
Pucadelphys , the fossa observed on the medial side of the lamina of the pars petrosa anterolateral 
to the hiatus Fallopii, is interpreted here as the Gasserian fossa or fossa for the trigeminal ganglion. 
Since this ganglion is located in the anterior lamina of the petrosal in Morganucodon , Trioracodon , 
Haldanodon , multituberculates, and Omithorhynchus, the anterior wing of the pars petrosa of 
Pucadelphys is interpreted here as a structure homologous to the anterior lamina of these early 
mammals. Furthermore, the anterior lamina of Pucadelphys occupies the same position as the 
anterior lamina in early cynodonts (Kemp, 1983: 375), morganucodonts (Kermack etal., 1981), 
triconodonts (Kermack, 1963; Crompton & Jenkins, 1 979, fig. 3-5 A-C), and Vincelestes ( Hopson 
& Rougier, 1993). The anterior lamina of Pucadelphys is greatly reduced when compared to that 
of Morganucodon , Sinoconodon, mul tituberculates and Vincelestes but it is larger than in any 
other marsupials. However, this feature does not constitute a true novelty for the group since 
Wible (1990: 200) and Wibie & Hopson (1993: 60), stated that the great reduction or absence of 
I he anterior lamina of the petrosal is a synapomorphy of the marsupials and eutherians. therefore 
implicitly accepting the presence of a reduced anterior lamina in some Tribosphenida. 

The presence of an anterior lamina in Pucadelphys confirms Wible 5 s assertion that “the 
anterior lamina...may not be entirely absent in marsupials” (Wible, 1990: 200). As explained by 
this author, “the prootic canal runs through the anterior lamina of the petrosal in Sinoconodon, 
morganucodontids, triconodontids, multituberculates, and Vincelestes'’. The occurrence of a 
prootic canal in some marsupials seems to confirm that the structure it passes through may 
represent a reduced anterior lamina (in peramelids, dasyurids and some didelphids). However, 
Wible & Hopson (1994) have recently shown that the prootic canal of marsupials is probably not 
homologous to that in morganucodonts, triconodonts, multituberculates, and Vincelestes. If they 
are correct, therefore, the prootic canal should not be used for homologies of the anterior lamina. 

The anterior lamina of Pucadelphys differs from that of the non-tribosphenic mammals 
mentioned above, because it does not participate in the closure of the lateral wall of the skull; it 
is covered laterally by the squamosal and the alisphenoid which articulate together and replace the 
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anterior lamina in that function. At the level of the anterior lamina of Pictadelphys. the lateral wall 
of the skull is thus duplicated; it is formed by the alisphenoid and the squamosal laterally and by 
the petrosal (anterior lamina) medially. This condition demonstrates that the anterior lamina was 
expelled from the lateral wall of the skull before it totally regressed. As a consequence of the 
reduction of the anterior lamina, in marsupials, the mandibular branch of the trigeminal nerve (V3) 
exits the skull (via the foramen ovale) between the alisphenoid and the anterior border of the 
petrosal (this condition is very clear in the early diverging borhyaenoid marsupial Mayulestes). 
In Pucadelphys, however, the anterolateral border of the petrosal (the posterior edge of the 
foramen ovale) probably retains part of the anterior lamina; therefore, the foramen ovale of 
Pucadelphys is located between the alisphenoid and the anterior lamina of the petrosal. In 
eutherians the foramen ovale is located in the alisphenoid. 

In morganucodonts, trieonodonts, Sinocmiodon and Adelobasileus the anterior lamina is 
large and the alisphenoid is relatively short anteroposteriorly but tall dorsoventrally (Kermack, 
1963: and Kermack eta!.. 1981: Lucas & Luo, 1993: Crompton & Luo, 1993). Monotremes have 
a large anterior lamina posterodorsal to a reduced (anteroposteriorly and dorsoventrally) alisphenoid 
and posteroventral to the orbitosphenoid. In most multituberculates the anterior lamina is large, 
posterodorsal (or posterior) to a large orbitosphenoid and posterodorsal to the alisphenoid 
(Kielan-Jaworowska, 1971; 1974; Kemp, 1988). The alisphenoid of multituberculates is gener¬ 
ally small (Kielan-Jaworowska, 1971: Kemp, 1982), but in the multituberculate LambdopsaUs it 
is large, totally separates the anterior lamina from the orbitosphenoid, and has tribosphenid 
proportions (Mtao, 1988), Large anterior lamina and alisphenoid also occur in Vincelestes 
(Rougier & Bonaparte. 1988; Hopson & Rougier, 1993). 

The homologies of the anterior lamina and alisphenoid in monotremes and in the other non- 
tribosphenic mammals mentioned above have been discussed by Presley & Steel (1976), 
Presley (1980; 1981), and Hopson & Rougier (1993). The status of the anterior lamina of 
monotremes has been abundantly studied in order to elucidate whether or not it is homologous to 
the anterior lamina of the other non-tribosphenic taxa mentioned above. The anterior lamina in 
living monotremes is an intramembranous ossification called the “lamina obturans” which fuses 
secondarily to the pars petrosa (Vandebroek, 1964; Wible. 1990). Presley ( 1981 ) has confirmed 
that the “lamina obturans", in living monotremes, is an independent center of intramembranous 
ossification within the sphenobturator membrane. This author also states that “there seem to be 
no fundamental difference between thcrians and monotremes in the early development of this 
hone. Difference arise only when it fuses with its neighbours. ... Cynodonts may have had an 
anterior part contributing to the broad blade of the epi pterygoid and a posterior forming the smaller 
anterior process of the petrosal”. The proportions of these two parts of the lamina obturans may 
have varied since in trieonodonts (Kermack, 1964) and morganucodonts (Kermack etal. , 1981) 
the anterior lamina of the petrosal is large and the epipierygoid blade small. In multituberculates, 
given the extreme reduction oi the alisphenoid (epipierygoid) the lamina obturans may have 
contributed extensively to the petrosal, approaching the monotreme condition (Presley, 1981). 
These studies suggest that the anterior lamina fused to the pars petrosa as in early cynodonts, 
morganucodonts and trieonodonts is derived from the posterior part of the “lamina obturans”. 
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which apparently was an ossification independent from the pars petrosa; while the anterior lamina 
in monotremes, multituberculates represents some combination of posterior and anterior part of 
the “lamina obturans". Miao (1988) has suggested that the “lamina obturans” has an apparent 
plasticity for alliance within itself and with adjacent bones, and this could explain the within group 
variability of the anterior lamina in multituberculates. Considering that the blade of thealisphenoid 
and the anterior lamina of the petrosal are probably equivalent, Presley (1981) concluded that a 
simple change in the fusion of these elements during development could produce a therian pattern 
of the lateral wall oft he braincase. This was ratified by Kemp( 1983:374), who noted: “the sidewall 
of the non-therian braincase is apparently homologous [s.L] with the sidewall of the modern 
therian braincase, and the two groups differ only in the relatively trivial matter of which bone the 
anterior lamina fs.l.] finally fuses with towards the end of ontogeny”. 

Recently. Hopson & Rougier (1993) have questioned the interpretation of Presley & Steel 
(1976). Presley (1981), and Kemp (1983). Presley (1981) and Zeller (1989 a. b) have demon¬ 
strated that in Omithorhynchus the lamina obturans (anterior lamina) ossifies within the spheno- 
obturator membrane, entirely separate from the otic capsule and only in later development 
becomes synostosed toil (Hopson & Rougier, 1993:278).The lamina obturans of Omithorhynchus 
begins to ossify in the dorsal part of the spheno-obturator membrane, quite distant from the ala 
temporalis (the endochondral portion of the alisphenoid) and only late in ontogeny it expands 
anteroventraUy to contact the small alisphenoid (Hopson & Rougier, 1993: 282). Maier (1987) 
described the development of the alisphenoid of Monoclelphis domestica. He demonstrated that 
the intramembranous portion of this bone is initiated adjacent to the ala temporalis and only at a 
fairly late ontogenetic stage expands posteriorly to contact the otic capsule. Hopson & Rougier 
(1993: 283-284) therefore conclude that: “even though both elements form in the spheno- 
obturator membrane, the developmental evidence indicates that they are distinct, therefore non- 
homologous, ossifications”. The monotrcine lamina obturans is presumably homologous with the 
anterior lamina (Hopson & Rougier, 1993:284) and therefore, contrary to Presley & Steel (1976) 
and Presley (1981), the anterior lamina is not homologous w ith the intramembranous portion 
(formed within the spheno-obturator membrane) of thealisphenoid. Furthermore, thealisphenoid 
of Vincelestes is similar to that of modern therians in its great anteroposterior expansion and its 
position relative to the otic capsule. It is noteworthy that in Omithorhynchus the trigeminal 
ganglion lies in a fossa of the medial side of the lamina obturans (Zeller, 1989b). Therefore, the 
homology of the monotreme lamina obturans with the anterior lamina (which we accept here) 
reinforces the interpretation of the anterior lamina of Pucadelphys, since the trigeminal ganglion 
appears to lie constantly in the same structure, the small fossa on the medial side of the anterior 
lamina lateral to the hiatus Fallopii. 

The occurrence of a reduced anterior lamina in a marsupial is by no mean a surprise since 
the evolution of the therian ( Vincelestes + marsupials + placenials) lateral wall of the braincase 
is characterized by the development of an anteroposteriorly elongated alisphenoid (observed in 
all therians) and the reduction and loss of the anterior lamina of the petrosal in the Tribosphenida. 
The presence, in Pucadelphys , of an anterior lamina, large for a marsupial but reduced when 
compared to that of Vincelestes (the sister group of the Tribosphenida), demonstrates that the 
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morphology of the lateral wall of the brain case of Pucadelphys is intermediate between that of 
Vincelestes and that observed in the other marsupials. Therefore, it may approximate the condition 
of the ancestral Tribosphenida. The morphology of the lateral wall of the braincase of Pucadelphys 
corroborates Wible (1990) and Wible & Hopson (1993) synapomorphy of the Tribosphenida 
(marsupials + plaeentals): reduction or absence (interpreted here as loss) of the anterior lamina of 
the petrosal, It is also in agreement with the interpretation of Vincelestes as the sister group of 
marsupials + plaeentals (Tribosphenida) (Row, 1993: and Wible & Hopson, 1993). Furthermore, 
it corroborates the interpretation of Hopson & Rougier (1993) who have refuted the hypotheses 
of Presley & Steel (1976) and Presley (1981) on the homologies of the elements of the lateral 
wall of the mammalian braincase. 


CONCLUSIONS 


The skull of Pucadelphys represents a classic example of mosaic evolution. It has a 
commonly observed combination of plesiomorphic and apomorphic states which, collectively, 
complicates its placement in recent phylogenies (i.e, Marshall etal., 1989; Marshall & Kielan- 
Jaworowska, 1992) although recent discoveries have shed some light to its interpretation 
(Muizon, 1994). However that may be. it illustrates that we still have much to learn about early 
metatherian and tribosphenid evolution. 

The vast majority ol structures in the skull and dentary of Pucadelphys represents 
plesiomorphic states for Tribosphenida and/or Mammalia, A few features represent metatherian 
synapomorphies (i.e. cheek tooth formula P3/3 and M4/4; prootic canal reduced in length and 
width, and does not open endocranialiy; prootic sinus continues onto squamosal side of 
petromastoid within a deep sulcus; presence of sphenoparietal emissary vein which occupies a 
deep sulcus on squamosal side til petromastoid, is continuous with sulcus for prootic sinus, and 
exits skull through postglenoid foramen; length/width ratio of fenestra vestibuli; absence of 
stapedial artery) which securely demonstrate that Pucadelphys is a member of this group, as 
presently defined. 

The remaining structures suggest contradictory affinities within Metatheria. The derived molar 
features agree perfectly with members of the Didelphidae (sensu M arshall et ah, 1989) and for this 
reason Pucadelphys has been assigned to this family (Marshall & Muizon. 1988). However, 
Pucadelphysreimns the plesiomorphic state of a non-staggered i3, while all other metatherians (except 
Microbiolheriidae) have the derived state of a staggered i3. It is also plesiomorphic in having 11-3 
conical, equally spaced and II not hypsodont, while most other metatherians are derived in either 
having spatulale 11 -5 (a synapomorphy of Australidelphia: Marshall em/., 1989) or 11 hypsodont and 
separated from 12 (many Didelphidae and Dasyuridae). 

The plesiomorphic mammal stateof a clear nasal-lacrimal contact occurs among metatherians 
only in Borhyaenoidea, Deltatheroida (if they actually are metatherians) and the Australian 
Wynyardia, while all other known tax a (including Pucadelphys) have the derived state of a frontal- 
maxilla contact. 
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Pumdelphys lacks mi ossified alisphenoid bulla, a feature present and traditionally regarded as 
a synapomorphy ( Kielan-Ja worowska & Nessov, 1990) in all other metatherians. The Deltatheroida, 
which apparently possess a tympanic process of the alisphenoid. are classified by Kielan-Jaworowska 
& Nessov (1990) within themetatherians. The absence of a tympanic process of the alisphenoid in some 
Borhyaenoidea has been interpreted as representing a derived state from an ancestor which had an 
alisphenoid bulla (Archer. 1976a; Marshall & Kielan-Jaworowska, 1992). However, the morphol¬ 
ogy of the skull of Mayidestes ferox, a borhyaenoid from the early Paleocene of Tiupampa indicates 
that the lack of a tympanic process of the alisphenoid is the plesiomorph condition for the borhyaenoids 
(Muizon. 1994 ). Furthermore, the absence of a tympanic process of the alisphenoid in Pucadelphys, 
an early Paleocene didelphoid may indicate its independent acquisition in (he other members of the 
superfamily, It is noteworthy that a tympanic process is probably present in the late Cretaceous 
stagodontid. Didetphodon (Clemens, 1966) and in a probable marsupial (Asiadelphia) from the Baton 
Goyol Formation {middle Campanian) of Mongolia (Trofimov & Szalay, 1993). This reinforces the 
idea that the tympanic process of the alisphenoid appeared several times independently within 
marsupials (Muizon, 1994) and should not be used to diagnose this group, which, therefore, partially 
questions the inclusion of the Deltatheroida within the Metatberia (Kielan-Jaworowska & 
Nessov, 1990). 

The presence of an anterior lamina fused to the petromastoid, and a foramen ovale (exit of 
V3) which opens between the anterior lamina and alisphenoid represent the most peculiar 
structures in the skull of Pucadelphys. These features have not been reported as such in other 
tribosphenids, although their presence has been predicted in the tribosphenid ancestor because 
these states occur in non-tribosphen id mammals. Comparisons of Pucadelphys with Vincelestes 
(the sister group of the Tnbosphenida) and with the other marsupials indicates that it represents 
a morphological stage of the structure of the lateral wall of the braincase, intermediate between 
the primitive {Vincelestes) and modern (tribosphenid) Iberians and therefore allows a better 
understanding of character states and evolution, ft is probable that Pucadelphys represents or 
approximates the plesiomorphic state in the morphology of the lateral wall of the braincase of early 
Tnbosphenida. 

Pucadelphys thus appears to represent the paleontological confirmation of the hypothesis 
of Hopson & Rougier( 1994) who have refuted that of Presley & Steel (1976} and Presley (1981) 
for the evolution of the tribosphenid ear region. If the skull of Pucadelphys was of early-late 
Cretaceous age and had a generalized tribosphenid molar structure, then it would probably be 
celebrated as the long sought “missing-link' 1 and be readily accommodated and accepted into the 
current scheme of early tribosphenid evolution. However, Pucadelphys is a metatherian, has a 
derived didelphid molar structure, and is early Paleocene in age. Thus the predicted anterior 
lamina and foramen ovale bordered by it and the alisphenoid occur in a dentally derived and 
geologically recent metatherian. 

Considering (he major differences existing between Pucadelphys and the other didelphids 
(especially concerning the ear region and the lateral wall of Ihe braincase), one could be tempted 
to classify it in anew family. However, as mentioned above, all the cranial features of Pucadelphys 
are plesiomorphic for marsupials and the only clearly derived features within marsupials concern 
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the dental morphology and relate Pucadetphys to the Didelphidae. We regard Pucadelphys as a 
primitive Didelphidae, member of the order Didelphimorphia (sensu Marshall et ai, 1989) 
because its molar structure (which is currently ihe foundation of metatherian systematics) is 
indistinguishable from that family. We thus give preference to molar structure in classifying 
Pucadelphys within Metatheria. 
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